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The 600-acre-Big River Mine Tailings site was for 30 years the
repository for mine tailings containing significant quantities of lead,
cadmium, and zinc. The site is bounded on three sides by a horseshoe
bend of the Big River. This site presents several complex problems
including water and wind erosion, and the possibility of leachate from
the on-site landfill releasing lead (Pb) and- other heavy metals to the
ground water and surface water. - ~ -

Past investigations have documented huge influxes of mine tailings
into the Big River. Severe water erosion has changed the benthic zone
of the river. The river bottom is covered with a layer of mine tailings
where it abuts the site and for several miles downstream. The physical
state and chemical characteristics of the river bottom have been
altered, and elevated Pb levels have been reported in bottom-feeding
biota. r ..

Wind erosion and airborne dust is also a major problem at this
site. In certain areas mine tailings are entering the river via wind
erosion. The tailings material is dolomitic sand and silt that is
easily suspended in the air. During the reconnaissance this problem was
especially apparent: winds were very strong arfd created a suspended
particulate plume that traveled at least a mile over the town of Des-
loge. Inhalation of, .this dust, which contains, lead, cadmium, and zinc,
could be a potential health hazard. ,•'.-..,

The St. Francois County Environmental Corporation landfill is loc-
ated on the site. The primary environmental concern about operating the
landfill in the"7-lead, cadmium and zinc-laden "mine tailings is the acidic
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dolomitic formation, the ground water is alkaline. Therefore, the
potential for Pb-contamination of the ground« vV.aJer is reduced signi-
ficantly.

Although there is justified concern about having the St. Francois
County Landfill I'oca.ted in the tailings pile.— Landfill leachate tends
to be acidic. If the landfill leached a considerable amount of acidic
material then this could release the Pb contained in the mine tailings.
Because the permeability and porosity of the tailings are high this
potentially released Pb could migrate into the 5 ground water and then
into the Big River. The landfill creates potential for ground water and
surface water contamination. .

Surface Hater Route .

Because the Big River Mine Tailings site i'sradjacent to the Big
River the potential'" for surface water contamination exists. The
drainage from the site flows directly into the Big River. Results of
studies on the chemical characteristics of ;the- water in Big River show
that the Pb content is elevated around mine^tailings piles and down-
stream when compared to background samples. Most samples analyzed were
below the 50 ug/1 Maximum Contaminant Level," which is consistent with
the low solubility of Pb in alkaline water. -Though the benthic zone of
the Big River is .lined with mine tailings, the high pH of the water
controls Pb solubility.

Air Route

The tailings a~t the Big River Mine Tailings site are a ground,
dolomitic powder containing lead, cadmium, and* zinc. The tailings are
easily airborne and carried off site. This creates a problem with total
suspended particulates as well as lead-laden particulates that also are
suspended in this material (Photo C-l, Appendix C)V-̂

Receptors ..

The principalTeceptors of the lead contamination from the heavy
metal contamination are:

o people who breath the lead-laden, suspended particulates.
Approximately 4,000 people in Desloge^ are located within a mile
of the site! /

o bottom-feeding fish of the Big River;-and/_

o those who consume the contaminated bottom-feeding fish of the
Big River.
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Direct Contact

The employees of- the on-site landfill are constantly exposed to the
mine tailings while at work. Also, many people-use. the tailings piles
for recreational purposes such as riding all- -terrain vehicles. This
activity creates dust and increases wind erosion.
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SECTION 1: INTRODUCTION

The Ecology and Environment, Inc., Field Investigation Team (E 5.
E/FIT) was tasked>y the U.S. Environmental, Protection Agency (EPA) to
conduct a Preliminary Assessment (PA) of the. Big River Mine Tailings
site near Desloge, Missouri. The tasks authorized under Technical
Directive Document -(TDD) #F-07-8711-039 were .to gather and review
background information, condudt a site reconnaissance, prepare a
preliminary assessment report, and submit an updated EPA Preliminary
Assessment Form-.207p-12.

A site reconnaissance was conducted by,E & E/FIT member Robert
Overfelt on January 25, 1988. Site conditions were documented with
photographs (Appendix D).

The site wasrbrought to the attention of the Region VII EPA because
mine tailings.containing lead and other heavy metals were entering the
Big River due to erosion. A high potential for heavy metals contamin-
ation of the Big River exists at this site.
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SECTION 2: SITE DESCRIPTION AND HISTORY

2.1 SITE DESCRIPTION. ' *'"•-" ̂
The Big River Mine Tailings site is located in St. Francois County

approximately one-half mile northwest of Desloge, Missouri (Figure 1).
This area of southeast Missouri is known as the "Bid Lead Belt" and was
formerly a major producer of lead. The coordinates of the approximate
center of the site are ~37° 53' 11".4 north tatitud'e and 90° 33' 00".0
west longitude (Ref; 1)̂ . -.,„.

The Big River "Mine Tailings site covers approximately 600 acres
" ~ _ -- " - ' '- v~=> = _

(Figure 2). It consists mainly of mine tailings ranging from 0 to 100
feet deep (Ref.--2),. - A sanitary landfill and landfill-office are located
on the south end of the site. The landfill is operated by the St.
Francois County Environmental Corporation which has a state permit to
fill approximately 60 acres (Ref. 3). There are six monitoring wells
installed around the -landfill and the well logs are included as Appendix
B. The majority of the site is situated within a horseshoe meander of
the Big River (Figure 2).

2.2 SITE HISTORY , >*.; Vj
The 600-acre Big River Mine Tailings site is .the result of 30 years

(1929 to 1958) of stockpiling lead mining wastes from a mill which was
located just west of the Desloge City limits (Ref,. 4). After pro-
cessing, the tailings were transported to the site via a slurry
pipeline. Tailings ponds were formed when the tailings settled out. The
St. Joe Minerals Corporation owned the tailings.site until 1972 when it
donated the majority, of the site, 502 acres,,jJtp St. Francois County
(Ref. 4). Approximately 100 acres, which is located directly east of
the present-day landfill, is still owned by St. Joe Minerals. An
immense mine -tailings pile, estimated between 75 and 125 feet high, is
located on the St. Joe Minerals property (Ref._3) (Figure 3).

2-1
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After acquisition of the 502 acres,",;.$t,.. Francois County leased the
land to the St. Francois County Environmental Corporation (SFCEC) (Ref.
5). In 1973 the, non-profit SFCEC established, a sanitary landfill on
approximately 60-acres of the southwest section,,of the mine tailings
pile (Ref. 2 and 3). Bryant AuBuchon, manager of the SFCEC landfill,
stated that the landfill excepts typical residential refuse and debris
and that the—.refuse is not separated into specified cells (Ref. 5).
Hudwalker and Associates, Inc., a consulting engineering firm located in
Farmington, Missouri, has administered landfill operations and main-
tenance of the tailings pile fdr the last three years (Ref. 3).

Marvin Hudw'alker of Hudwalker and Associates, Inc., was present
during the reconnaissance. He stated that mine 'tailings were used as
daily cover on the trash and that when a cell is filled a one-yard thick
clay cover "'is applied and grass is planted. During the reconnaissance,,,
the filled landfill cells were noted to have a continuous cover and the
area was relatively clean.

A review of -the Missouri Department of Natural Resources (MDNR)
files regarding the landfill revealed that the landfill operation was

- -v~ - - -
very inadequate before Hudwalker and Associates took over administ-
ration. The facility was cited numberous times for various violations.
Photographs from repeated inspections ofv the landfill depict large
amounts of refuse with no cap or vegetated cover (Ref. 9).

According to a 1977 University of Missouri-Columbia report, the
area experienced a severe storm event involving the section of the
tailings pile known as Gap "A" which isulocated adjacent to the Big
River on the southeast side of the horse-shoe bend (Figure 3).
This portion, of. the mine tailings pile became supersaturated and
collasped, releasing its contents into the Big River (Appendix D, Photo

"*"-* --i.- •- -v-i^. --- :• •.-,..
C-3). Although the exact quantity of mine tailings that washed into the

' " ^T^ - - -

river is not known, estimates suggest that the"~quantity may have been as
much as 50,000. cubic yards (Ref. 3)^(Figure 3). When the MDNR
discovered -this catastrophic event,- they ' requested that the
Environmental Protection Agency Surveillance and Analysis team (SVAN)
conduct an extensive investigation of the Big River. The SVAN conducted
this survey in late 1977, and the general

.. •"".' - 2-4 ......



findings, based on aquatic population density and "diversity, were that
the Big River was-degraded by the mine tailings-that entered the river.
The degradation was mainly the result of physical .changes in the benthic
zone of the riverTrather than chemical toxicity?of the river water (Ref.
2>- ,; :-•-". ._-

In 1980 the Missouri Department of Conservation submitted evidence
that some fish" sampled downstream from the tailings pile contained elev-
ated levels of lead (Ref. 2). This report concluded that the high con-
centrations of lead were found in the edible tissue of fish found in the
Big River downstream from the location where mine tailings had entered
the river during the rupture in 1977. The,h,ighest concentration found,
1.30 ppm, was-found in sample nine from -four golden redhorse fish col-
lected immediately downstream from the col'lasped Desloge tailings pile
(Ref. 6). The World Health Organizations (WHO), dietary limit for lead
is 0.3 ppm (Ref. 6).

As a result of these findings, the state of'Missouri issued a press
"̂ -̂ rjj _ . . _--. •=.

release cautioning'local residents not to eat bottom-feeders taken from
a 50-mile stretch of the Big River from the city of Leadwood (near the
Desloge tailings^pile) downstream to Washington State Park (Ref. 7).
Since 1980 numerous research projects have focused on the impact of the
mine tailings piles in the Old Lead Belt on the Big River. Results of
various studies of the mine tailings and their effect on the Big River
will be presented in Section 3. ...

By December 1981 St. Joe Minerals Corporation, under a cooperative
agreement with "the state of Missouri, began remedial action on the pile
in an effort to fill the erosional gaps and stabilize the pile (Ref. 8).
Many smaller erosional events have been documented since the massive
release in 1977. 'Section 2.3 will detail the past and present erosional
problems as well as the efforts undertakerujp stabilize the piles.

In the spring of 1985 the Desloge Tailings^ Task Force was organized
to deal with the existing problems of the Desloge Mine Tailings site.
The Task Force", organized by St. Joe Minerals,, consisted of represent-
atives from St. Joe Minerals, the landfill, and MDNR, as well as local
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officials and others. Specific activities of the Task Force are
detailed in Section. 2.3. The Task Force, tocused on three primary ob-
jectives: "... ""•>--'•

1. Provide^adequate site supervision to'ensure proper repair and
maintenance.

2. Develop and implement short-term jneasTires to stabilize the
site.-- •_• iw,..__

3. Develop.a long-term stabilization plan,for the site.
Landfill authorities requested a permit from the state of Missouri

to expand operation into 200 additional acres of the tailings pile. In
January 1987, as a* result of this proposed expansion, the HDNR requested
that six monitoring wells be installed around the existing landfill to
determine whether the ground water contained,^significant quantities of
landfill leachate (Ref. 3) (Figure 2). ' The:_well logs for these six
monitoring we"lls are included as Appendix7 B.: Water samples have been
taken from the wells but the results of the.analyses have not been
received.

2.3 STABILIZATION EFFORTS

After the massive release of mine tailings into the Big River in
1977, efforts toistabilize this mine tailings pile were initiated. A
number of remedial efforts have been accomplished. The reports from
several agencies'detail the problems that exist at the site and presnet
solutions to,,these problems. ^. ','-

A comprehensive report prepared in 1980 for MDNR by the University
of Missouri Columbia (UMC) College of Engineering characterizes the
major environmental concerns at the site including water and wind ero-
sion and the apparent hazard of constructing^landfill in the tailings
pile. The UMC investigation concluded that the-tailings pile contained
numerous points where tailings are entering the3"" Big River due to water
erosion. The .UMC team designated six gaps, which were labeled alpha-
betically around,the pile starting on the southeast side (Figure 3).
Erosional gaps'G, H, and I developed after' the report was completed and
have been labeled-as they occurred. • =, _
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The original^drainage structures placed': by^ the mining company are
illustrated in Photo C-14 (Appendix D). These concrete drainage
structures were constructed to drain the water from off the tailings
pile. During the E & E/FIT site reconnaissance, it was noted that
drainage structure #1 near Gap A was totally.collapsed and was no longer
functional. According to the UMC report, dradnage structure ttl became
blocked and this blockage led to the massive erosion which occurred in
1977 at Gaps A arid B. The UMC report recomme'nded^ that the major erosio-
nal gaps be_jEilled with a suitable fill material and the area reshaped
to reduce further erosion. Further, the report suggested that the
drainage structure located near Gap A be altered to minimize the chance
for overflow (Ref. 4). '

Wind erosion and the associated blowing of lead-laden dust is also
a major concern (Appendix D, Photo C-l). There the tailings pile rea-
ches the river bank in two area (Figure 4). During the FIT reconnais-
sance, it was,..noted areas #1 and #2 that the wind was eroding the
tailings over the steep incline. As tailings "accumulate, and their
angle of repose is exceeded, they collaspe and fall into the river
(Photo C-2). The major problem at area #2'is the river undercutting the
bank, which eventually could lead to a collaspe of the tailings in the
area into the river (Photos C-12, C-13). ..Wind erosion is generally from
west to east, which produces a continuous movement of the tailings
toward the eas-t. ̂  Because the tailing are a- very fine, dolomitic sand or
silt sufficient wind velocity creates a tailings dust cloud. During the
site reconnaissance this occurrence was observed to be a serious problem
(Photo C-l). A dust plume originating from the site was transporting

~"~ "- " • • -S-_-'_

dust at leasĵ  one mile to the southeast.^ Wind speeds on that day in-
cluded gusts up to 35 miles per hour.

The UMC-repqrt recommended that a studyi=be undertaken to assess the
possibility for plant growth to be established on the pile to control
wind erosipn. Riant life is very difficult to establish in this en-
vironment for several reasons:

o A serious nutrient deficiency exists in, the tailings;
o Wind.ejrosion prevents establishment^qf seedlings;
o Moisture cannot be retained, especially on the slopes, due to

the "p'brous nature of the tailings ;̂ and,
o The lead.content of the tailings may cause plant sterilization,

preventing reseeding by existing plants.,
2-8 ."_•—..•
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Because of these deleterious conditions, 'natural plant growth on
the pile is almost non-existent. This experimentation was suggested as
an attempt to establish a method for maintaining a* vegetative cover.

The UMC repqrt considers the landfill-qn, site to be a serious
potential problem.. The liquid runoff (leacha^te) that results from a
landfill is typically low pH and contains larger-quantities of organic
material. If these conditions exist it is very possible that heavy
metals could be leached from the tailings,: and~transported to the Big
River. In the UMC report, tests were cdriducTed by extracting mine
tailings with nitric acid, distilled water, and ethylenediaminetetra-
acetic acid (EDTA). The nitric acid extraction represents total
quantity of metals in the tailings. The distilled water extraction
represents what is released by the movement of rain water through the
tailings. The EDTA extraction represents the "potential for extraction
by landfill leachate (Table 1). Metals that, are'extracted by landfill
leachate would also be chemically bound byorganics and might remain in
solution after'entering a body of water suclv aj the Big River. During
the reconnaissance the area where landfilllng :was complete and soil
cover was applied;was observed to be much more stable than the adjacent
mines tailings. However, the benefits of jspil cover are offset by the
potential for landfill leachate to release lead and other metals from
the tailings (Ref. 4). ----- . -

These three problems of water erosion, wind erosion, and the land-
fill are considered the primary concerns at the-Desologe tailings pile.
When the UMC report was submitted in 1980, no remedial action had begun.
However, St. Joe Minerals Corporation began remedial activities in 1981
that are continuing.

- ~f=- '-_*• \ • • •••'--.•

In December_1981 St. Joe Minerals Corporation began filling Gaps A,
B, C, and D. This remedial action was completed in January 1982 (Ref.

8). C. G Mattson, Project Manager, St. Joe Minerals Corporation, pro-
vided a summary of the remedial activity and maintenance performed since
the initial work, on Gaps A, B, C and D. _/".;"

Inspections have been performed at -,,least once per month from
December 1981 to the present by St. Joe Minerals^ and/or the engineer for
the landfill. 'Inspections also are made after or during heavy rainfall

2-10



Table 1 -,.,,.
Metal Analyses_pf Tailings - • —

Big River Mine Tailings Desloge, Missouri
University of Missouri,-Columbia College of Engineering

"- v -••*-..-..-

Sand (ug/g dry)

1 Water

J 20
i
1f N.D.
I

3.4

EDTA

2,200

3.2

220

•-., HNO^> - . . -
- ~ ' ~ .

~"i,AJjP."

-:;:"
680

Water

26

N.D.

14

'V: >̂~̂ '"
ÊDTA HNO.___ — .^ — ___ ——— 3

;;̂ 72o:: aso

_•-;- J5.£":, 25

--230* 1,000

JN.D. is not detected. . l .
Water: Represents rainfall .through tailings.
IEDTA: Ethylenediaminetetraacetlc acid and represents landfill leachate

through tailings.
HNO3' Represents total metal content in tailings.

Ref. 4 -•-.- :

The inspections consist,of confirming that all drainage struc-
are functional and that no observable defects have occurred'in the
ing berm. - • =̂ I-i,,.̂ ."._
n April 1983 two small gaps, designated Gaps G and H were formed
nusually heavy rainfall overtopped the retaining berm (Photo C-8).
aps were filled and a-*2-2-inch steel pipe drainage structure was

in each. In October 1984,: 1,500 feet of fence was_. placed along
ase of the chat pile and the area north of the fence was seeded,
ized, and covered with straw mulch. This fence-was! built to
rce a dune formed by a wind fence placed in 1980. >ia^-;r-.'---.---
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In April' 1985 Gap "I" was formed when heavy rainfall topped the
retaining berm. The gap was filled and a 22-inch steep pipe drainage
structure was established. At the same time, 2,000 feet of snow fence
was placed in the area of the break to build lip the retaining berm with
wind-blown material. The open channel spillway cut that drains the pond
area was deepened and a diversion ditch was cut across natural ground to
keep water from flowing into the Gap "I"~a!rea (Photo C-10 and C-ll). A
diversion dike was built through natural ground so that water diverted
by the landfill!.operations would not flow "into Gap "E" (Photos C-15,

C-16 and C-17). J •'.'.''""'"
In October 1985, the approximately 20_?cres of tailings that com-

prose the major portion of the Gap "I" drainage area were fertilized and
seeded. Du'ring^the FIT reconnaissance it was: apparent that the veget-
ation in this particular area was growing well and had stabilized the
area. It should-be noted that this area is flat and stable relative to
other steep^slpping, dune-like areas thaj: also exist on the tailings
pile (Photo C-9)Y

In March 1986, 10,000 Black Locust tree's were planted on the
Desloge tailings area, some 7,500 of them were planted in the Gap "I"
drainage area-that was sown in October 1985. During the reconnaissance
it was apparent^that the seeding of Black Locust in this area was very
successful. Some trees were approximately 12 feet tall (Photo C-9). In
February 1987, 15,000 Black Locust trees were planted on the approxim-
ately 15 acres .of tailings that form the drainage area for Gap "G"
(Photos C-6 and C-7). "'"" .

The latest activity was in September and _ October 1987 when some
20,000 feet of wind fencing was ins tailed"on the upper portion of the
tailings area,. During the FIT reconnaissance it was noted that much of

=-~ '- --- - - ' ' — -̂ -̂  - -" _this fencing was damaged or blown down due "to"a recent storm. Recon-
struction of the fencing, as well as reinforcement, are planned. It was
obvious that the wind fencing was controlling.some movement of the sand-
like material, but it is ineffective during -stronger winds (Photos C-A
and C-5 ) (Ref. 8). ^

In 1985 the Desloge Tailings Task F.orce contracted the engineering
firm Burns and McDonnel, Inc., to develop a long-term stabilization
plan. The investigation and report ?was.. funded 25 percent by the
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. Site History and Stabilization Efforts

___Date " _________Chronology of^Pertinent Site Events

1929-1958 , __ Mining occurred and tailings were deposited in slurry
form. "-- . " ,

1973 .«„.... st. Joe Minerals Corporation donated 502 acres to St.
Francois County. St."Francois County leased the land
to the St. Francois County Environmental Corporation
which opened the-existing landfill.

1977 ' r-.. . Collaspe of tailings"in=Gaps A and B; SVAN reports
degradation of Big River_,due to influx of tailings
during collaspe.

1980 Missouri Department of_Conservation determined elevated
• Pb levels in hot torn-feeding fish and issued a press

release cautioning local residents not to eat these
••'"•-••• fish.

1981 '-"'•---•. St. Joe Minerals began-remedial activity in an attempt
to stabilize the tailings.

1983 ... ' Gaps "G" and "H" were farmed by overtopping of the
retaining berm.

1984 -,-:-. 1,500 feet of wind fencing installed.

1985 " Desloge Tailings Task Force was organized Gaps "I" was
formed by overtopping Burns & McDonnel long term
stabilization plan 20 acr.es near Gap "I" were seeded,
and appear to be growing well.

1986 10,000 Black Locust trees planted near Gap "I".

1987 • - • • - . " Monitoring wells installed around landfill. Some 15,000
, Black Locust trees planted" near Gap "G". 20,000 feet of

*""" wind fencing installed. s
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landfill corporation and 75 percent by St...Joe Minerals. The Burns and
McDonnel proposal was highly criticized-because it included creating
several ponds OIK,the tailings pile to control,surface runoff (Ref. 10).
Because of thei proven instability of the failings, the plan to create
ponds on the pile was not considered a satisfactory solution. The
chronology of the significant stabilization'efforts is summarized in
Table 2. ._.. • "

In April 1987 the Soil Conservation Service proposed some stabiliz-
ation plans for the site to the Desloge Mine Tailings Task Force. They
suggested diverting the surface drainage^-away.from critical erosion
areas and prl an ting some test plots to determine what methods might be
best for revegetation (Ref. 11). Current plans are to carry out re-
vegetation test, plot experiments in an attempt to determine what plants-
and planting methods are best suited to the mine tailings.

2.4 SITE CONTACTS BIG RIVER MINE TAILINGS" '
1. Marvin Hudwalker

Hudwalker and Associates, Inc., Consul-ting Engineers
Professional Engineer o.*_«.,,
Farmington, Missouri
(314) 756-6775

2. Brysfnt -AuBuchon ~ '-* i_
St. Francois County Environmental-Corporation
Landfill Manager
DeslogeT Missouri ''*"''
(314r431-4768 - .-v-. •.-.;.•_•-

3. C. G. Matts'on
St. Joe Minerals Corporation ,

. Project Manager "
Irvine, California
(714) 975-5269 ' .

Jim Burris .. _
Missouri Department of Natural Resources
Director - Poplar Bluff Regional Offrice
Poplar. Bluff, Missouri
(314) 785-0832

Gene Gunn "f~- -----
U.S.^EPA ' - >, ^
Superfund Contact :
Kansas City, Kansas .1
(913) 236-2856 . '.'.'•" "
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SECTION 3: WASTE CHARACTERISTICS

It has been determined that the mine"tailings located at the Big
River Desloge failings pile contain significant amounts of lead, cadmium

• '. -̂_= . i. , ...

and zinc (Ref. 10).' The tailings from the pile are migrating into the
river and ambient air via water and wind erosi'on. Therefore, it is
possible that th^se heavy metals constituents, may be contaminating the
river and the air.r This section will discuss Jhe three heavy metals of
concern (lead","" cadmium, and zinc) their-characteristics, potential
hazards, and~re"lWvant EPA Maximum Contaminant-bevels (MCL).

-- -T. . • -...__

Lead exists in nature mainly as lead sulfide (galena). Other
common forms.,are lead carbonate (cercissite), "lead sulfate (anglestie)
and lead chldrophosphates (pyromorphite). Stable complexes result from
the interaction of lead with the sulflydryl,- carboxyl, and amine coor-
dination site foundjn living matter. The'tpxicity of lead in water is
affected by pfi, hardness, organic materials, and . the presence of other
metals. The aqueous solubility of lead ranges from 500 ug/1 in soft

• N^- - , 7"*~ i-" y__

water to 3 ug/1 in hard water (Ref. 13). ,
Lead is a toxic metal that tends to accumulate in the tissues of

humans and other .animals. Although selddm seen in the adult population,
irreversible damage to the brain is a frequent result of lead intoxic-
ation in children. This most commonly "results from ingestion of
lead-containing paint found in older homes. The major toxic effects of
lead include anemia, neurological dysfunction, and renal impairment.
The most comrno_n symptoms of lead poisoning, which usually develop
slowly, are anemia, severe intestinal cramps, paralysis of nerves
(especially the arms and legs), loss of appetite, and fatigue. The
Maximum Contaminant Level (MCL) established for lead in drinking water
is 50 ug/1 (Ref. 14). The National Ambient Air Quality Primary Standard

-̂ _- 3
for lead in the airMn a calendar quarter is!'lv5^ug/m (Ref. 15).
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Cadmium occurs mainly as a sulfide salt, frequently in association
with zinc and lead ores (Ref. 13). Accumulation of cadmium in soils in
the vicinity of amines and smelters may result in high local concen-
trations in nearby, waters. Cadmium is deposited and accumulated in
various body tissues. Cadmium may functioninVor .may be an etiological
factor for various human pathological processes-including testicular
tumors, renal dysfunctions, hypertension,_ arteriosclerosis, growth
inhibition, chronic diseases of old age, and cancer (Ref. 13). The MCL
established for cadmium in drinking water is l;0̂ =ug/l (Ref. 14).

Zinc is usually found naturally as a sulfide and if is often
associated wi_th other metals, especially Ie¥d7 copper, cadmium and iron.
It is used in galvanizing processes and in preparation of alloys. Zinc
is essential and beneficial in human metabolism. Community water
supplies tested, jbave contained 11 to 27 mg/1 without harmful effects.
The toxicity of zinc compounds to aquatic animals is modified by en-
vironmental factors. An increase in temperature and reduction in dis-
solved oxygen increases the toxicity of zinc for fish. Toxic concen-
trations of zinc compounds cause adverse changes in the morphology and
physiology of fish (Ref. 13). The final secondary. HCL established for
zinc is 5,000 ..ug/1 (Ref. 14). No primary MCL for zinc has been
established.

In a study prepared by the University of Missouri Rolla, the
Desloge tailings pile was sampled extensively (77 samples were taken)
for its lead, cadmium, and zinc content. Values for lead range from 826

*— *—s_= - - •".""-__-

to 6,200 ug/g with a mean of 2077 ug/g; cadmium" ranged from 6.8 to 78.6
with a mean of .2.6 ug/g. Zinc ranged from 233 to 3,990 ug/g with a mean
of 1,226 ug/g: See Appendix D for complete sample results (Ref. 12).
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SECTION A: PAST INVESTIGATIONS

Numerous 'investigations regarding the'effects of mine tailings oh
the Big River have been completed since the-massive erosional event in
1977. This section will address the significant results of this
research. • - • - . • • • . ~

4.1 METALS IN BIG RIVER WATER AND SEDIMENT ;

In a report submitted by the National Fisheries Research Laboratory
the metals content—in river water and sediment was measured at different
locations along the Big River (Figure 5).. the Irondale and Mineral Fork.

'"--•- ' •-"•15--î

sample locations were considered control areas while Desloge, Washington
State Park, and Brown's Ford sites are 5 miles, 37 miles and 60 miles,
respectively downstream from the Desloge Mine Tailings pile.

Water sampling was done during low, medium, and high flow. Total
metals and dissolved metals vere measured for lead (Pb), cadmium (Cd)
and zinc (Zn). 'The highest total Pb (0.68 mg/1) was found at Washington
State Park and the highest dissolved Pb (0.026) occurred at Brown's Ford
(Table 3). The dissolved Pb concentrations were all below the 0.05 mg/1
MCL for Pb. Cd and Zn concentrations were all within established MCLs
for these compounds.

Sediment samples were collected-from corresponding locations on the
Big River.. Total sediment Pb concentrations were highest at Desloge
(2215.0 ug/g)^and tended to decrease with distance downstream. This
value is similar to the Pb content found JLn the tailings at the Desloge
pile (Appendix^D). Total Pb concentration was lowest (49.6 ug/g) at
Irondale. Concentration at Mineral Fork were substantially higher than
at Irondale, though were lower here tharf at other locations. This is
probably attributable to the past Pb.mining" or on-going barite mining
activities in the Mineral Fork watershed.^ These sampling results show
how the mine tailings had affected the-benjhic zone of the Big River at
the Desloge mining pile and for several" "miles downstream (Table 3) (Ref.
16). " : ;;; - :•
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WASHINGTON STATE PARK

BIG RIVER MINE TAILINGS
"."" DESLOGE, MISSOURI

WASTE SITE_TRACKING #: MOO618
PREPARED BY: R..OVERFELT

ECOLOGY & ENVIRONMENT APRIL 1988
SOURCE: REFERENCE 18

FIGURE 5: SAMPLE LOCATIONS ON BIG RIVER
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Table .3 ; •"
Metals Concentrations in Water Samples Collected

in the Big River
, Big River Mine Tailings rvDesloge, Missouri

Location
Stage "r'~

Mineral Fork
Low
Med.
High

Brown's Ford
Low
Med.
High •-"••.

Washington
State Park

Low
Med .
High .

Desloge
Low
Med.
High

Irondale
Low ,
Med .
High

Flow
-- •••: (CFS)

- 29.6
160.0
505.0

-^.-~ ^ - _-
. ~^~ -.~-= .

95.6
-.: 650.0
.11900.0

• -• --.

- , ; . . 70.2
. 490.0
11395.0

45.3
" 298.0

"-*-- 932.0

7.1
160.0

'-•"• 300.0

Pb
D

0.005
0.006
0.005

0.005
0.007
0.026

0.009
<0.005
0.021

0.020
0.010
0.012

0.005
0.005
0.005

• -

T— -
-t - -. .

0.009" '•-
o;oosc
0.009

"-7 --̂ _ "-

0.043
0.084̂ ,
0.440 :

-V ̂ - =r̂ -.

." = ".,

0.091.
0.140
0.680

0.041
0.085 ^
0,110-- _-

r

0.005
0.005
0.005 -

Reporting unit is mg/1. _

NOTE: CFS:=
D =

Cubic feet
Dissolved

per second.
- " t.

-: -----

Cd
D

: 0.001
0.001
0.001

^r. .,

0.001
0.001
0.001

<0.001
<0.001
<o..ooi

0,002
0.001

-0.002

0.001
0.001
0.001

T

0.001
0.001
0.001

0.001
0.001
0.001

<0.001
<0.001
<0.004

0.004
0.001
0.004

0.001
0.001
0.001

Zn
D T

<0.01 <0.01
<0.01 <0.01
<0.01 <0.01

"•"
0.02 0.03
0.01- . 0.03
0.05 , 0.17

0.01 0.04
0.01 0.07

0 99

0.31 0.36
0.06 0.11
0.10 0.16

<0.01 <0.01
<0.01 <0.01
<0.01 <0.01

Metals; T = Total Metals.

Source: National Fisheries Research

= _•

- ' ' •_

"•"••---

=r.

":*:•-.-

- -- •,

T̂̂.-̂-..,....:*——..,.̂,, ...,V-,,.J * .,,_.,....- .,r,__, ..',.=--

Laboratory Report

^ - -••«,.,

.:'--•_

V-r

--..

J..-i=- V-^- -•̂-- -s"— - :-.-=™

-

-- ^_

^ -.-.̂  -.-., .--A,̂

(Ref. 16).
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Table 4 _
Metals Concentrations in Sediment Samples

Collected in the. Big River
Big River Mine Tailings, Desloge Missouri

Location '"— -

Irondale v.

Desloge

Washington State Park
^- > _ ̂

Brown' s Ford -•,..

Mineral Fork

Pb V~.

49.6 "*•--..•-:•....;;•.-

2,215.0 .'...:. T^----.

1,843.4 T, •_;
' ' '•"•"¥ 'I!=̂ . '

1,438.3 •• - • ' . , - "

291.5

Cd

1.62

29.96

10.79

6.55

2.52

Zn

64.9

1658.4

704.3
• - . _ _

484.5

369 . 7

NOTE: Adjusted total sediment metal concentrations (ug/g dry weight).

Source: National Fisheries Research Laboratory Report (Ref. 16).

4.2 METALS IN AQUATIC BIOTA "
Several past studies have focused on the elevated metal levels in

the aquatic biota present in the Big River.
In the report prepared by the National Fisheries Laboratory,

crayfish, fresh water mollusks, and fish also were sampled. The sample
locations were the same as for surface water and sediments (Figure 5).
In crayfish" samples, Pb and Cd levels were 'elevated at Desloge, Washing-
ton State. Park'r and Brown's Ford. The highest Pb concentration was 140
ug/g at Desloge. Pb concentrations of crayfish were 1.4 ug/g at Iron-
dale and 2.7 ug/g at Mineral Ford. Since crayfish feed on aquatic
macrophytes and detritus they can accumulate^sediment-bound toxins.

Pocketbook mussels were collected" at all the locations except
Desloge, where none could be found. Results showed the highest mean Pb
concentrations'^at,Brown's Ford ranging from-310 to 490 ug/g in soft
tissue and 18 to 19 ug/g in the shell-. Pb levels at Washington State
Park were from 200 to 310 ug/g in soft tissue and 8 to 22 ug/g in the
shell. The cqnjrol sample at Irondale had;,mean Pb levels of 2.16 ug/g
in soft tissue-and 0.76 ug/g in the shell. ,
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The results of fish samples collected on the Big River varied with
fish types. Bottom-feeders, such as catfish and the Redhorse sucker,
tended to have higher concentrations of metals, than fish such as the
smallmouth bass 'that do not feed on bottom sediment. The Pb content in
the Redhorse sucker was greater than the—'0.3 ug/g dietary limit
recommended ;by_the World Health Organizajtion (WHO) at Desloge (0.57
ug/g), Washington State Park (0.43 ug/g),-and Brown's Ford (0.63 ug/g).
The Pb concentrations at Irondale and Miner-al Fork were well below the
WHO limit (Table<5) (Ref. 16). ••-•-•,.,..mi " ' . " .

Research conducted on fish over a "five-year period by the
University of Missouri Rolla confirms the above results. This research
shows that over a five-year period, the _Pb concentrations in suckers,
from the Big River near the lead tailings piles have consistently
exceeded the WHO limit (Ref. 17). —>

These research results demonstrate that mine tailings have raised
lead levels in the benthic zone of the Big River and in the bottom
feeders that live in this zone of the river. This study also determined
that the tailijigs have had little effect on the heavy metals content in
the river water.

4.3 MINE TAILINGS FOR USE AS AGRICULTURAL LIME
Research done by the University of Missouri Rolla on the possible

use of mine, tailings as agricultural lime determined that this practice
may be acceptable. It also states that caution should be taken because
some older tailings piles have much higher^ concentrations of Pb than
more recently developed piles. It must also be noted that plant uptake
studies have indicated that both lettuce and radishes tend to accumulate
some Pb and CtH when lead/zinc tailings were mixed with soil as
agricultural lime (Ref. 12). ; „„ -

4.4 LEAD IN DUST FROM TAILINGS PILE -^_ .

The Missouri Department of Natural Resources (MDNR) collected air
quality data hear,Flat River, Missouri, approximately 2 miles southeast
of the Desloge mine tailings pile. MDNR used ""one hi-vol monitor located
approximately 2,000 feet north of the St. Joe Park Tailings Pile near
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Flat River. Data was collected for the three-year period 1981, 1982,
" - r-_ " -~i^~_

and 1983. Monitor filters taken during the ""initial sampling period of
January through August 1981 were analyzed,for Pb. No additional filters
in the three-year period were analyzed for Pb. The total suspended
particulate (TSP) annual geometric mean in 1981 was 50.55; 1982 was
35.47; and 1983 vas 47.43 ug/m (Ref. 18 )-.-•.,The National Ambient Air
Quality Standard (NAAQS) for the annual geometric mean of TSP is 75
ug/m3 (Ref. 15). The results of the Pb analyses for the first three
quarters of 1981 were January-March 0.14 :rug/m , April-June 1.09 ug/m ,
and July-August. 0.17 ug/m (Ref. 18). The.NAAQS primary standard for Pb

- —————— ; *J . - i-,_ , _

in a calendar-quarter is 1.5 ug/nT (Ref.-.15.).. These results are all
within the standards for air quality and --are adequate for southerly
winds. Because:*the prevailing winds in this-part of the country vary
from season to season or month to month addrtional hi-vol monitoring
devices situated'around the tailings pile would have been more effective
than one unit (Ref. 19). Also, a background^or control hi-vol monitor
was not used, so no control data is available for comparison.
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Table 5 . --.
Metals Concentrations in Edible Portions

•'----...--, of Fish in the Big River
;>. ^ Big River Mine Tailings^Desloge, Missouri

Location - :...,_^._ '''- - , ̂;.
Species ___________Pb - ._.; r " ______Cd________Zn

Mineral Fork/" ' ̂ - :
Smallmouth bass 0.19 _ 0.01 13.97
Yellow bullhead 0.13 '.-'..'/J " 0.02 5.67
Redhorse slicker 0.08 0.01 13.42

Brown's Ford "-'r: „ ':-s
Smallmouth bass ^ 0.21 0.01 4.50
Flathead catfi'sh 0.29 " ^ 0.02 12.24
Redhorse sucker 0.63 : 0.01 11.67

Washington State Park - ,
Smallmouth bass 0.27 - 0.01 9.49
Flathead catfish (4) 12.00 .-..;..;"""•' 0.34 23.00
Redhorse sucker 0.43 0.01 9.38
Mixed suckers^ 0.38 ^ : * ——— _____

Desloge . K_- - - .
Smallmouth bass 0.05_ 0.01 11.73
Channel catfish 0.13 0.03 5.12
Redhorse sucker 0.57 - 0.03 16.15
Mixed sucker.(2) 0.79 , ———

Irondale . : . _
Smallmouth bass 0.01 :~ v <0.01 13.28
Flathead catfish 0.06 - - 0.06 6.75
Redhorse sucker 0.02 \--'_ 0.01 9.32
Mixed sucker : 0.07 .„ ——— ———

NOTE: Means of% two samples (individual fish) unless otherwise indicated.
Reporting unit is ug/1 wet weight....

Source: National.Fisheries Research Laboratory-Report (Ref. 16).
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SECTION 5: PHYSICAL SETTING

5.1 CLIMATOLOGY.AND DEMOGRAPHY .. V'̂ ,_
St. Francois County is hot in summer, especially at: low elevations,

and moderately cool in winter, especially on mountains and high hills.
Rainfall is fairly heavy and well distributed throughout the year. Snow
falls nearly every winter, but snow cover lasts only a few days at a
time. •-•-̂ tf: - • ".•";>_,-,*„_•._

In winter the average temperature is*"35-degrees F, and the average
daily minimum temperature is 24 degrees F. .In summer the average
temperature is 75 degrees F, and the daily average-maximum is 88 degrees

" •---, ' - ~* -,
F. „.

Of the total " annual precipitation, .̂ 23 inches, or 60 percent,
usually falls in April through September. .The Heaviest 1-day rainfall
during the period of record was 4.95 inches at Farmington on June 30,
1957. Thunderstorms occur on about 50 days each year occurring pri-
marily in summer. Average seasonal snowfall is 12 inches.

The average relative humidity is-about 60 percent. Humidity is
higher at night and the average at dawn -is 80 percent. The prevailing
wind is from the south. Average windspeed is highest, 12 miles per
hour, in March^-.-The climate is classified^as humid continental (Ref.

20). / " -
The population of St. Francois County recorded in 1982 was 42,600.

Farmington, Missouri is the county seat and has a population of 8,270.
Desloge, located 2,500 feet southeast and i300 feet south of the site,
has a population^ 3,481 (Ref. 26). ~ -^>1.^

5.2 TOPOGRAPHY1 AND DRAINAGE >̂̂ w
The Big River Mine Tailings site lies on the eastern side of the

Ozark Highland in' St. Francois County,.Missouri. The major physical
features irr the area are the St. Francois Mountains to the south, the
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Farmington Plain.'-'*:-0 t'ie east' an^ tne dissected, topography of the Salem
Plateau located to the north (Ref. 20). The site is between these major
features on the floodplain of the Big River. The basin topography of.
the site is a^rounded hill which slopes on. tjie east, north, and west
sides toward the Big River. A contour map of the site is included as
Appendix E. J - i

• ' _ _ * ' • " _ . . ̂
The on-site .drainage pattern is discussed, extensively in Section

2.3. The site drains primarily into the Big River along the entire
perimeter of the horse-shoe bend where the site abuts the river and

" •-. •*- - : .

forms the site boundary. "---* -,

5.3 SOILS : : , :v~''-•'-•'•-*.-..
Most of the site is characterized by Psamments soils. This unit

consists of deep, nearly level to gently rolling, excessively drained,
newly formed soil in tailings ponds. These soils are formed in crushed
dolomitic material from lead mining. Permeability is rapid and surface
runoff is slow to medium although most precipitation is absorbed into
the surface. The available water capacity is low. The natural ferti-
lity is very unbalanced, and careful fertilization is required to make
the soil suitable for any plant growth. The organic matter is also very
low. Some areas have been seeded to grasses and legumes but results are
poor. These soils are generally unsuitable for growing grasses, shrubs,
and trees unless; intensively managed. r ,..,,

The areas where natural vegetation occurs on site consist mainly of
Caneyville silt loam except for a small area "on the southwest portion of
the site where Gasconade, flaggy, silty, clay loam occurs.

Canyville silt loam has 2 to 5 percent slopes and is moderately
deep, well drained. This soil occurrs on-cojiKex ridgetops. The surface
layer is a dark-brown silt loam about 5 inches,, thick with a subsoil of
silty clay loam^and silty clay about 30 inches thick. Permeability is
moderately slow;- and surface runoff is slow to medium. Available water
capacity is low.' ;
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Gasconade" flaggy, sitly, clay loam'has 9, to 35 percent slopes, is
excessively drained, and occurs on uneven side slopes. The surface
layer is a very dark-brown flaggy, siltyy *clay loam about 8 inches
thick. The subsoil is dark-brown very flaggy, silty, clay about 5
inches thic.lt-. ̂Permeability is moderately slow, and surface runoff is
rapid. Available water capacity is very low.

All of the _soils on site are underlain by hard-bedded dolomite.
(Ref. 20). •* >• - I,

5.4 STRATIGRAPHY 1 —
The Big River Mine Tailings site is underlain by Precambrian fel-

sites and granites, which are overlain by^rock units of the Upper Cam-
brian series (Ref. 21 and 22). Figure" 6 depicts the general strati-
graphy of the site vicinity.

- «*!•. • __„ ̂  -.. ' ' .

The Upper Cambrian Series rock units 'consist of in ascending order;
the Lamotte,,Formation; the Bonneterre Formation; and the Elvins Group,
which contains>; the Davis and Derby-Doerun,formations. The Elvins Group,
and the PotasL^and Eminence formations will not be considered in this
report because they are topographically higher than the Big River Mine
Tailings site (Ref. 21 and 22).

The .Lamotte Formation is predominantly a, quartzose sandstone that
grades laterally in many places into arkpse and conglomerate (Ref. 22).
The formation is approximately 300 feet thick in the study area (Ref.
21). The Lamotte aquifer is a regional drinking water source (Ref. 23).

The Bonnetejrre Formation is typically a light-gray, medium to
fine-grained, medium-bedded dolomite, although it consists of relatively
pure limestone in some areas (Ref. 22). The formation is approximately
350 feet thick in the study area. .This "formation is the principal
source for lead mining in the area that.occurred in the late 19th and
early to mid 20th centuries. The Bonnet-er'rip aquifer is also a regional
drinking water source (Ref. 23). "'
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5.5 HYDROGEOLOGY • - ., '
The area ground water aquifers that Vre .topographically lower than

the site are -the Bonneterre and Lamotte" Formations. The Flat River
Water District serves the towns of Deslpge/ Elvin, Flat River, Leading-
ton, River- Mines," and Ester, Missouri. The approximate population ser-
ved is 12,000 .(Ref. 24). The Big River * Mine Tailings isite is adjacent
to the town -,of Desloge and is within 2 miles of Flat River. The Flat
River Water District's water supply comes from the Bonneterre Formation,
via a sealed,^abandoned mine shaft located' approximately 2 miles south
of the site in River Mines, Missouri; and from the Lamotte Formation,
via a well located approximately 3,000 feet east in Desloge, Missouri,
that is pumped from 410 feet (Ref. 24). ̂  :.

The typical" ground water flow around^the site is toward the river.
Several natural, springs around the site area flow into the Big River
(Ref. 9). When the river is at flood stage, ground water may not flow
toward the river, though this situation is unusual.
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SECTION 6: SUMMARY AND CONCLUSIONS

In the spring of 1977 a catastrophic eroslbnal event occurred in
which a massive portion of the 600-acre .Desloge Mine Tailings pile
flowed into~lhe= Big River. As a resulf̂ af,-X:'.thls event, mine tailings
laden with heavy metals were distributed seVeral miles downstream. The
tailings covered the benthic zone of the Big River and altered its
physical and chemical composition. Because several other tailings piles
exist in the area, it is difficult to attribute all of the heavy metal
contamination™4n; the Big River to the Desloge^tailings pile. Certainly,
the Desloge pile has been a major source of.the tailings entering the
Big River and'lias had a detrimental effect"-.-on^.the water quality in the
river. It has been established through numerous research projects that
lead concentrations are elevated in certain^ benthic-feeding biota at the
Desloge tailings pile and for several miles downstream.

Some data has been collected to determine whether lead-bearing
total suspended particulates are a concern at this site. Additional
monitoring would be required to accurately-characterize this element.
The day of the-FIT reconnaissance, strong winds had created a suspended
particulate plume "that originated at the site~and was carried over the
town of Desloge.(Photos C-l, C-2, C-A).

The on-site county landfill has raised^ many concerns. The landfill
operators apply a soil cap when filling is completed, which reduces wind
erosion considerably. However, the potential for the release of lead to
ground water and surface water (Big River) vi'av.acidic leachate from the
landfill is high.:" ._...-";'";>-.

Remedial,-action by St. Joe Minerals^Cprp. has reduced water and
wind erosion 4n certain areas. Yet the---majo=rity of the site remains
extremely susceptible to wind erosion arid1 water erosion is a severe,
chronic problem in other areas. "" - .
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POT, .AL HAZARDOUS WASTE SITE
PRELIMINARY A3SBSSHEKT

PART 1 - SITE IOTORHATIOR AETD ASSESSMENT

I. IDEHTIPICATIOH
01 STATE
MO

02 SITE NUMBER
0981126699

ZTE RARE ABO LOCATIOR
E NAME (Legal, common, or descriptive name of Blto)
;ivor Mine Tailings

02 STREET, ROUTE NO. , OR SPECIFIC LOCATION IDENTIFIER
Approximately 1 mile northwest e! Doslogo, Missouri

V
go

04 STATE
MO

05 ZIP CODE
63601 :'̂ .

06 COUNTY
St. Francois

07 COUNTY
CODE

09 CORO
DIST

'RDINATES
53' 11".4N

LATITUDE LOHGITUDB
90" 33' 00V.OW

iECTIONS TO SITE (Starting f rent* nearest public road) "'":'--..
Hwv 67 south to Dosloge. Prom Dasloge tho site is approximately 1 mile northwest and is bordorod by a district
or of the Big River on its west, north, ond oast sidos.

RESPONSIBLE PARTIES
ER (If known)
roncois County

02 STREET (Business, moiling, residential)

'V
go

04 STATE
MO

05 ZIP CODE
63601. ̂s--*

06 TELEPHONE NUMBER

(.314) 431-6505
RATOR (If known and different from,owner)
tancois County Environmental" Corp.

08 STREET (Business, mailing, residential)

Y
go

10 STATE
MO

11 ZIP CODE
63601"

12 TELEPHONE NUMBER

(314) 431-4768
E OF OWNERSHIP (Check one)

A. PRIVATE B. FEDERAL8:'
(Agency name)

F. OTHER:

_C^- STATE X D. COUNTY

/ ' .'—

0. UNKNOWN

.MUNICIPAL

(Specify)
EH/OPERATOR NOTIFICATION ON FILE'(Check all that apply)
CRA 3001 DATE RECEIVED: __B. UNCONTROLLED WASTE SITE (CERCLA 103 C) DATE RECEIVED:

MO/DAY/YR ':* - HO/DAY/YR
C. NONE

TCARACTERIZATIOn OP POTGRTIAL HAZARD

SITE INSPECTION

X_YES DATE 1/25/88
MO/DAY/YR

NO

BY-(Cheek all that apply)
X A. EPA X B. EPA CONTRACTOR,

__E. LOCAL HEALTH OFFICIAL ""-

CONTRACTOR NAME (S ) : E t, E/FIT________

__C. STATE

F. OTHER:

D. OTHER CONTRACTOR

(Specify)

1 E STATUS (CHECK ONE)
A. ACTIVE X B. INACTIVE C. UNKNOWN

03 YEARS OF OPERATION

1929 1958 UNKNOWN
BEGINNING YEAR ENDING YEAR

CRIPTION OF SUBSTANCES POSSIBLY PRESENT, KNOWN, OR ALLEGED -,..-_

toillngs which contain a raoah~value of 2,077 ppm load (Pb). 26 ppra Codniup (Cd) and 1,226 ppo einc (En),
aillngs cover approximately 600 acres at a depth of 0-100 feat within a "horse shoo* of the Big River.

CRIPTION OF POTENTIAL HAZARD TO ENVIRONMENT AND/OR POPULATION
on o
tie!
tiol

f tailings into the Big River..-— "Yn;
health fiafprd from the dispersion of load loden dust in tho oir.

Ic chelating ogonts to solubizo and nobiliee Pb, Zn, and cd.
health Fiozord from tr
for landfill organic

IORIT7 ASSESSHERT

ORITY FOR INSPECTION (Chack-one. ff high or modium is chocked.- coraploto Port. 2 - wosto Inforootion and
Part 3 - Description of HaEardous conditions-and Incidents)

A. HIGH
erection required
creptly)

__ B. MEDIUM
(Inspection required)

__ C. Low , ; _f
(Inspect on tiwo
ovalloblo bosis)-:

,_____ D. NONE

(No fur ther action needed.
Complete current disposition forra)

C3PORHATIOH AVAILABLE FROH
TACT
Ounn

02 OF (Agency/Organieation)
EPA Superfund Branch

03 TELEPHONE NUMBER
(913) 236-2856

SON RESPONSIBLE FOR ASSESSMENT

vorfolt
05 AGENCY
E 6 E

06 ORGANIZATION

FIT
07 TELEPHONE NUMBER
913-432-9961

08 DATE

MO/DAV/YR
RM 2070-12 (7-81)



PO?&...fAL HAZARDOUS WASTE SITE
PnBLIHIRAR? ASSBSSHBRT

PART 2 - WASTB 1R7ORHATIOB

I. IDBErTIFICATIOR
01 STATE
MO 1 02 <

09 (
ITE NUMBER
1126B99

STE STATES, QUANTITIES, AHD CHARACTERISTICS
3ICAL STATES
all that apply)
SOLID X E.
?OWDER,PINES __F.

SLUDGE __G.
7THER

SLURRY

LIQUID
GAS

(Specify)

02 WASTE QUANTITY AT SITE
(Measures of uaato quanti-
ties must be independent)

TONS

CUB1C-YARDS - 4 million

NO. OF DRUMS

03 WASTE CHARACTERISTICS
(Chock all that^apply)
X A. TOXIC _ " '"'E. SOLUBLE
__B. CORROSIVE *-̂ F̂. INFECTIOUS
__C. RADIOACTIVE Wfi G. FLAMMABLE

D. PERSISTENT ,_ , H. IGNITABLE

_I. HIGHLY VOLATILE
_J. EXPLOSIVE
_K. REACTIVE '""
_L. INCOMPATIBLE
M. NOT APPLICABLE

\STB T7PE
3RY SUBSTANCE NAME

SLUDGE
OILY WASTE
SOLVENTS
PESTICIDES

OTHER ORGANIC CHEMICALS"
INORGANIC CHEMICALS

ACIDS
BASES
HEAVY METALS

01 GROSS AMOUNT 02 UNIT OP MEASURE 03 COMMENTS

•Unknown Lead, Zinc, Cadmium
8ARDOUS SUBSTANCES (See Appendix, for most frequently cited CAS Numbers)

3GORY 02 SUBSTANCE NAME
Lead
Zinc
Cadmium
Copper

03 CAS NUMBER
7439921
7440-66-6
7440439
7440508

04 STORAGE/DISPOSAL METHOD
mine tallingo pilo
Riino tailings pilo
nino tailings pilo
mino tailings pile

05 CONCENTRATION
neon 2,077
moan 1,226
mean 26
Unknown

06 MEASURE OF1
CONCENTRATION

"9/9
ug/g
ug/g

OSTOCKS (See Appendix for CAS Numbers)
3GORY 01 FEEDSTOCK NAME 02 CAS NUMBER CATEGORY 01 FEEDSTOCK NAME 02 CAS NUMBER
5S FDS

DS FDS

3S FDS
FDS

SOURCES OP IB7ORHATIOB (Cito spocific roforoncoa, o.g., stoto f iloa,-. gotsplo analysis, reports)
»ncy Action Plan for Load Mino Tailings, Doslogo, Misso
and tailings from the old Lead Belt of Missouri for Mis
iri - Rolls. Dangerous PropertiesJof-Industrial Matorl

ouri, Droft EPA files. .. _ _ _ _ , ... _... _._T__-souri foi .Agricultural Limestone, University ofA study on tho possible use of»!___•.•.__ ••_7--T__Y"-_ _*»

als"6th"Ed."'NT"irving"Sax.

•IM 2070-12 (7-81)
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- POTBh.J/AL HAZARDOUS WASTE SITE :
.--.-:_ PHELIHIRABff ASSBSSHEKfT •_- _,„..

PART 3 - DESCRIPTION OF HAZARDOUS COHDITIORS ARC IBCIDEtJTS

I. IDERTIPICATIOn
01 STATE 02 SITE NUMBER
HO_____| D961126899

AZAHBOUS COCTDXTIORS ART) IHCXDERTS
OBSERVED (DATEf X POTENTIAL ALLEGEDA. OROUNDWATER CONTAMINATION '' ^ 02

ULATION POTENTIALLY AFFECTED: - - _____
is potential for ground water contamination from surface wotorbacouBo faults oxist in tho sito oron. Tho on-

londEill may roloaso organic chelating agents which could rolooso hoovy metals into tho ground wotor.

04 NARRATIVE DESCRIPTION

B. SURFACE WATER CONTAMINATION

UIATXON POTENTIALLY AFFECTED:

02 OBSERVED (DATE!. POTENTIAL ALLEGED
04 NARRATIVE DESCRIPTION

o site and sovoral miles downstream tho bottom of tho Big Rivor is lined with mine tailings, This has raised
b end Zn levels slightly in the water. Thoro is potontial for more nine tailings to orodo into tho rivor.

C. CONTAMINATION OF AIR

OLATION POTENTIALLY AFFECTED:

02 OBSERVED (DATE: POTENTIAL ALLEGED
04 NARRATIVE DESCRIPTION

ladon dust blows off the top of the mine tailings pile.

D. FIRE/EXPLOSIVE CONDITIONS
I UtATION POTENTIALLY AFFECTED!
known or reported to date

02 OBSERVED (DATE: POTENTIAL ALLEGED
04 NARRATIVE DESCRIPTION

E. DIRECT CONTACT
UIATION POTENTIALLY AFFECTED:

02 OBSERVED (DATE: POTENTIAL ALLEGED
04 NARRATIVE DESCRIPTION^

o oro currently and havo in the past driven all terrain vohiclos (ATVs)
otion. Also landfill workers are oxposod to the tailings daily.

on the mine tailings pilo for

F. CONTAMINATION OF SOIL

IV POTEHTIALLY AFFECTED: 600
02 __ OBSERVED (DATE: _
04 NARRATIVE DESCRIPTION

POTENTIAL ALLEGED

"(Acres-)
ino taUings cover approximately 600 acres.

DRINKING WATER CONTAMINATION
3LATION POTENTIALLY AFFECTED:

known or reported to date

02 __ OBSERVED (DATE! __
04 NARRATIVE DESCRIPTION

POTENTIAL ALLEGED

<. WORKER EXPOSURE/INJURY
KERS POTENTIALLY AFFECTED:
known or reported to date

02 __ OBSERVED (DATE: _
04 NARRATIVE DESCRIPTION

POTENTIAL ALLEGED

I. POPULATION EXPOSURE/INJURY

JLATION POTENTIALLY AFFECTED:
•mown or reported to date

02 __ OBSERVED (DATEr^__
04 NARRATIVE DESCRIPTION

POTENTIAL ALLEGED

HM 2070-12 (7-81)



POTZ. AL HAZARDOUS WASTE SITE
• PRBLIHIBAR7 ASSBSSHEOT

PART 3 - DESCHIPTIOH OF HA2ARDOUS CORDITIOF3S ATJD IHCIDERTS

I. IDBRTIPICATIOH
01 STATE

I MO
02
09
SITE
81126899

NUMBER

AEARDOUS CORDITXOBS AHD IHCIDERTS (CONTINUED)

J. DAMAGE TO FLORA 02 X OBSERVED (DATE: 1/25/88 POTENTIAL ALLEGED

RfcTIVE DESCRIPTION " /_.' ' '---:'j'_,--
turol recovery of vogotetion has.occurred. Tho 600 acres of raino tailings are virtually boro.

K. DAMAGE TO FAUNA - 02 __ OBSERVED (DATE:_____

RATIVE DESCRIPTION (Include naR)o(s) of spocioa)
tod levels of Pb, Cd, and Zn were found in a study that oxarained algae. .

POTENTIAL ALLEGED

L. CONTAMINATION OF FOOD CHAIN
RATIVE DESCRIPTION

02 OBSERVED (DATE: ; POTENTIAL ALLEGED

ra fooding fish in the Big River aro known to havo olovatod lovols of Pb in thoir ediblo tissue. Fish oro
t for human consumption through sport fishing from tho Big Rivor. : -_

n. UNSTABLE CONTAINMENT OF WASTES :',
lls/Tunoff/standing liquids/leaking drums)
ULATION POTENTIALLY AFFECTED! , ________

02 X OBSERVED (DATE;:**r9"7j7. POTENTIAL ALLEGED

04 NARRATIVE DESCRIPTION
on of nine tailings into the Big River.

H. DAMAGE TO OFFSITE PROPERTY
RATIVE DESCRIPTION

02 X OBSERVED (DATE:,1977 POTENTIAL ALLEGED

ig Rivor bottom is lined with raino tailings for several railos downstream-from tho sito and tho biota in tho
contain elevated Pb, Cd, and Zn levels.

3. CONTAMINATION OF SEWERS,
STORM DRAINS, WWTPs

RATIVE DESCRIPTION

> known or reported to date

02 OBSERVED (DATE:- ) POTENTIAL ALLEGED

J P. ILLEGAL/UNAUTHORIZED DUMPING
RATIVE DESCRIPTION
known or reported to date

02 OBSERVED (DATE: POTENTIAL ALLEGED

CRIPTION OF ANY OTHER KNOWN, POTENTIAL, OR ALLEGED HAZARDS

TOTAL IPOPULATIOB POTBBTIALLV AFFECTED: 27,739 (3-ffiilo rodiUB)

DttHEETTS

UHCES OF IHFORHATIOH (Cite specific references, o.g., stato Jilosr saraplo analysis, reports)
si o£ Mino Tailings Discharge to Big Rivor, Dr. John Novok 1980, EPA filos.
nlnary invostigation on tho Dynamics of Metals from Post end Present Mining Activities in tho Big and Black
, Southeastern Missouri, Preliminary, EPA files. - _.

RM 2070-12 (7-81)
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DATE INSTALL s. 1/16/87

•DATE-DEVELOPED: N/A - dry
- -.^

^-PROTECTIVE COVER : J X - S tee l .

LOCA'TIOM- N 12461 E8637
•

^•GROUM3 ELEVATIOM- 779^6 DATUM ^5:1.

/ "DETERMINED BY: Su.-vev
r -,- -j, -t- _

\v - - //^
: -^ ""WELL W A T E R L E V E L S

DATE* DEPTH W E M A A K S ;
1/21- 39.1 Dry
1/21 37.1 25 Gallons added

... i/2T • '38.6 6 Minutes later

37 fl 39,1 Drv
. - ^ _

dool f i Fnoaourod f rom too of n«or

_- — - BiSEB '-"TYPE.- _tlush coupled PVT
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I! LENGTH: 24 FT
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*', ,

i . .
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• •" - -

" " " " - " .
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•^ .
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____ pvrĵ T?f PE ; ' VL. . ...
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- ' " ' ' " - • " - " -,-

- w t ^
- . ., . .
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DRILL'METHOD: ^ .25" HSA
• • , - -

-wdwiTORING WELL 0©=D
GEOTECHWOLOGV

---_.'• • - - • " St. Lomi. Missoun

PLATE 1



DATE INSTALL

DATE DEVELOPED:

PROTECTIVE COVER :TOP O?
RISER N11851 E9002

CROCCSIO ELEVATION- 784.0 DATUM

DETERMINED BY: Survey

W A T E R L E V E L S
DATE DEPTH

Added 36 gallons
After 5 minutes
After 20 minutes

1/21 41.4

p a o o o y r o d f r o m too o f f l o o r

flush rOUDled PVC

DIAMETER: 2 IM

LENGTH 30

bentoni te /cement erouc

S£AL': bentoni te pellets

s A wo,: m e d i u m sand
TOP 07
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3CTEEN DIA: 2 IN LENGTH: 20

SLOT SIZE: 0*01

BOTTOM
OF-SCREEN _

BOREHOLE DIAMETER: IN

DRILL METHOD: 4 .25" HSA
BOTTOM
OFKOLE

GEOTECHNOLOGY
St. Louts. Miuoun

PLATE 2
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DATE-WSTAL r. 1/13/87

" DA r̂E' DEVELOPED: 1/20/87

^PROTECTIVE COVER : U" x *" Steel

^ LbcATioM. N 10707 E9781
- - - - 7Q/I^GROUM3 ELEVATION- '94.1OAT|JM MSL

/r DETERMINED BY: Survey

IjW^^

"--.'.... WELL W A T E R LEVELS
- D A T E O E P T M R E M A « « 3

— "- i/16 24.9 Before development]
1/20 24.5 After development
-3/11 23.3

""
dool f t r a o o o u f o d f r o m too o l r i oo r

,. — -RisERTfpt Jlush couoled P\rr • — - . . .
,O.AWETER:J_.1N .

_ L£NGT>t 6.6 pf

f- ^

^— - •fgACk'Fii i • bentonite/'cement srout
. • - - ,, .

^J-isEAL : bentonite oellets

_^-SAWO: medium sand (WB^O)
•̂  .-.

_ — ^SCREEN DIA: 2 IN LENGTH-. _25___>T

SLOT SIZE: JLJ)1 IN
.•"«,-_..

764 Ji ?Q.5 "-""BOTTOM
f.ev OCPTM ONSCREEN

763.6 29.5 sorrow
fit* DEPTH --. OF KOtE

REMARK 3:
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~7/ .
a™ if i _

1 ———

'•'•v*̂ '-!:;"'

C. •

• *

• •
'\e

' - - J7-- :",". -
- — '- -•:•: ... '

. ".- ' 7';"-:= ,̂.. . - . .....-,.

.^-^-BOREHOLE DIAMETER:__2__IN

'DRILL METHOD: ^ .25" HSA

• '-':ft«-OWiTORBNG WELL D © ~ 2
"'^- GEOTHCMWOLOGY

--'-.'--— .r St. LOUJS. Mrisoun

PLATE 3
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DATE INSTALL! 1/13/87

DATE OEVELOP€& N/A - Dry
- - — • - -"

^-PROTECTIVE COVER : J x J Si 66 I

LOCAT^^ N9746 E8892
^-*-*^jj t --••.--- , I

>CROUWO ELEVATION- 783.7 DATUM MSu

/ OETERMINED BY- _ $ y r y o v
_t ' "p^7 ;̂

WELL W A T E R LEVELS
OA=T'E D E P T H R E U A B K 3

"1/16- 44.1
1/20 44.1 20 Gallons added
1/21 44.6 10 Gallons added
.- v=_ -

?r-**:.'*., --- - -

_ d o . o l f i r a o Q o u f o e i Irora loo »( r i o o r

— —— 1fiiSE '̂TYP€; flush couoled PVP

DIAMETER 2 IN

_. .LENGTH 30 FT

'
_— -QACKFIIL^ bentonite/cement grout

^--SEAL : bentonite pellets

-- :-..:;:
^^-.SANdT^medium sand (WB-iO)

••*""
'

__ - 3CPEEM PI A: 2 IM LENGTH: 15 FT

WP€: PVC

- SLOT SIZE: 0.01 IN

..l̂ -..;y . - ^ ~ -
.--->-.,, . • .

' .
• - . . - • ' ~ - -

^^— fibREHOLE DIAMETER: Q IN

DRILL METHOD: ^ .25" HSA
--•• W :.-•-: - - • - • • - - - .

WJD^JTORIIMG WELL 0©°3
GEOTECHWOLOGV

...... St. Loun. Miuoun

PLATE



770.2 2.0

752.5
Z L E V

15.7
OEPTM

Doloo Qioaad o a r f o e o

751.5
eicv

749^2
CLCv

t6.7
DEPTH

J9n(L
OtPTM

TOP OP
SEAL

TOP OP
SAWD _.

TOP 07
3CREEM

^n

739.2
E'.EV

739.2

29.0
OtPTH

29.0
DEPTH

BOTTOM
OF SCREEN _

BOTTOM
OF WXE

=£=
j( -o • • i o '• •
",•• •<*•' • . . • .

REMARKS:

-DATE WST.AL 1/19/87
N/A - Dry

PROTECTIVE COVER : J " X -" Steel

LOCATW^ N10934 E8137

•GROUND ELEVATION- 766.2 QATUW ^

DETERMINED BY: _ Survey______

- WELL W A T E R LEVELS
D A T E DEPTH R E M A R K S

1/2 r
-.1/21

1/21

- :~~~^

28.3 '
26.3 After 22
27.2 6 Minutes

Fsooou rod frera too

gallons
later

• -
o f r i oo r

- RISER TYP€; ̂ lush coupled PVC

DIAMETER: 2 IM

LENGTH 21 rr

• BACKFILL: bsntonite/cement grout

SEAL: bentonite pellets

-SAKD: med ium sand (WB40)

SCREEN DIA: 2 IN LENGTH: 10 FT

SLOT 3I2E: 0.01 IN

-BOREHOLE DIAMETER: 9

DRILL METHOD; 6.25" HSA

CEOTECHWOLOGV
St LDUJS.

PLATE 5
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683.1

682.0

boloo

679.0
£LCV

671.9
CLEV

671.9

671.6_
ELCV

REMARKS:

DATE DEVELOf€D-. 1/19/87

1.1 TOP O?
wsen

PROTECTIVE COVER : ^ X V St.^el

N12069 E9185

RISER-TYPt flush coupled PVC

DIAMETEft 2 IN

LENGTH: 6.2 FT

our toeo

3.0
OEPTH

5.1
OEP1H

OtPTM-=-v

10.4

GROtlM) ELEVATION; 682 DATUM -SL

BY: Survey_________

WELL W A T E R LEVELS

/1Vi9 6.0 After installation
1/19 7.0 After development

f ^ooou rod f rom too of f ioor

SAWD-•.-'- natural sand

3CREEN DIA: 2 IN LENGTH:. Ft

SLOT SIZE: 0»01 IN

—; sorrow
OF SCREEN _

sorrow
OF HOLE

BOREHOLE DIAMETER: IN

DRILL METHOD: 4° hand auger and casing

GEOTECHWOLOGV
SL Louis. Missouri

PLATE 6
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DESCRlPTrON OF MATERIAL

Tan to gray.-- very" loose to loose
s 1 i gh 1 1 y s i 1 t'y" "F 1 ne SAND
becoming gray and more silty below
U feet

.

Intermixed gray, -loose to medium
dense, sl lty clayey SAND, to sandy
clayey SILT '• _

'- -«"•"; " " " - - " -7-
Auqer refusal on SANDY DOLOMITE at
37. 5 feet

.-,-,...

--^. "' . NU.W, -v-, 0-*

H

S. tt{

= '

T •-,-._:.

-Si~ r;

v - ^ - - , .

-

'-'
 .,

 
( 

'
S

A
M

P
LE

1
 

•'
 

!l

^ -

ss

:SS

SS"
'•••''•

ss

ss
--••
ss

^ . ' • •
-SS
s- ;-J .

- i~*->

--. -.

GROUNDWATER DATA -'-:.. ' ' DRILLING DATA

SHEAR STRENGTH, t»( .
-A-uo/s o-ou/J O-sv

0.3 1.0 1.9 *,O J,3

STANDARD PENETRATION RESISTANCE
(43TU 0 1300)

A* BLOOS PCS FOOT

PL i ————— ̂  —— ̂  — ̂  — ^—^ ——— «• •
10 2

'A

1 A '

A ' . ' . ; o

A

. A : : : : ' .

A- • • • • •

• ; • A

•

0 30 40 30

O

•o

-.

. . . ...... .

5rain Size
Analysis

Sraia Size
Analysis

5rain Size
Analysis

. . . . „ .
.,.

, -7 . . . . . .

' -

gMCOUBTEReO ATB3- S .ffEgT -»>-.,- ____ AU6ER 9" HOLLOo" STgM --

AT ______ FEET AFTER -HOURS ____ WA3M OOCJIMS PRQtj "-PggT, n /Rv#* /^ r&n/ r Ma[ l l \ l l /P*» T

AT ______ PEgT APTCR - ' --- HOURS MM DRILLER KDD VLOBGgB LOO OF U O In! U UXl 52

f»ee MATER HOT (ZHCOUMTERED • CME 55 DHILL QI6
DURING ORiLiiiNa .„ ;

REMARKS: PVT mnn< t-nrM no v*ol 1 (-a«sinn InelMillorl "...... _. __, . __,

SEE NOTATION SHEET coa DESCRIPTION OP ABBRGVIATIOMS
- - -

UG-1

St. Louis. Missouri
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DESCRIPTION OF MATERIAL

Tan. ioosQ to medium dense. Fine SAND
with zones of -grey clay up to 3"

Gray, medium dense.""si 1 ty SAND
to scndy SILT with-zones of gray,
clay and silt ^'^/-

Gray, medium dense, silty to
slightly clayey fine SAND

~ "--̂

Gray, very looses, sandy and clayey
SILT with green and blach organ ics
at 99 Fast
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. SHEAR STRENGTH, f»f
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STANDARD PENETRATION RESISTANCE
(flJTtl 0 1900)

A' OLOOS PIP TOOT
oflTtO COMTenT.%

PL t —————————— ̂  ————— — ———— " '
10 2i

: A
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: . . . A ,.

' ' 'A ' '

. . . A . . . .

A • • •

• A-

: : : : A • : :

. . . . . .A . .

: : : : :A; . :

. . . . . . . A

_ _ _

: A : : : : : : :

A . . . . . . . .

0 30 »0 30i i t

^ . . . . . . . .

0 . . . . .

OA- •

A • • • • • • •

• - . -

• •

Grain Size
Analysis;

- - .

Srain: Size
Analysis

• • < - -. . ~
ewcouwreneo AT 3^ feeT , ' ___ AUGER 9" HOLLOQ "srtM
AT ______ FIST AFTUB - - • HOU«S ____ WASH OORIM6 fROH t^ggT - ^^ rMS fo) rMo) n (Ml (f^
AT ______ PZ2T ACTttR _____ _MOUflS MM ORILLgQ KPO LOeCgB LOO OF IsOlHUllxlO

(?«££ WATER HOT EMCOUMTESEO CME 55 DRILL BlO-?--^_. -
OU«IW6 ORILLIM6

-'•-•-*-. . ' . '".
REMARKS: PVC mnnl top-Lno wnl 1 cnralnn lnet.nl 1 od • .- . . . . . . .

... •
• *

SEE NOTATION SHCET FOR OESCRIPTIOM OF ABBREVIATIONS

V.-'"

DG-1

^GEOTECHWOU
St. Louis. Missouri

OGY

_.".- v-~ -^- -"."-- .. PLATE 8
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DESCRIPTION OF MATERIAL

Gray» vary 1 ooooo*- ®andy and clayey
SILT with greon and black organico
at 99 Fast

.
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- ^ - - .

TERMINATED AT 100' .DUE TO INSTABILITY
OF TAILINGS * v - ,
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STANDARD PENETRATION RESISTANCE
(flSTM 0 1300)

A" OL003 PIO COOT
OflTZP COOTIMT %
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Grain Size
Analysis
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BOTATIOM OHOQT POP beOCHIPTlOW OP AOOBSVIATIOM3 - - ' = • - . - - • ^ LOUlS, MlSSOUri
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DESCRIPTION OF MATERIAL

Gray, loose. . SAND "with zones of
si Ity to clcyev SAND

Gray, very loose, sandy to slightly
clayey SILT - . . . - .

~\ Medium sti f f , dark brown and gray. [~
\ si Ity CLAY r /

Split spoon refusal on SANDY DOLOMITE
at 30. 5 feet

• _.

• • ' ' . .
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GROUNDWATER DATA DRILLING DATA -

SHEAR STRENGTH, t»f

0.3 1.0 1.3 2,0 2,3

STANDARD PENETRATION RESISTANCE
(flSTU 0 1300)

A- BLOOS PER root
_ . 04TIP CONTIWT,%PL i ——————— o ——— : ———— ILL

10 20 10 «O 30

A • •

A. .-; . . :

A • • •

s • • • • • • - M

• • A ' ' '

y • • •

o • • •
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3rain Size
Analysis

. . .A. . . .
• S-6"-

gMCOUHTgRgD ATI 3- 5 FggT ' ____ AUSUR 9" HOLLQa STEM'

AT ______ PSCT AFTER ____ __ HOURS ____ OA9M OOQIWS PQOH ___ _FEKT .. .^.x^ ̂  ,-, (—> ^-\ ig. nrvn/f^
AT ______ CeUT A(fTaa__iis^ HOURS MM ORILLGR KPQ L086gR LOO ©F tBORBllVIG

?REE WATER MOT KNCOUMTEREO CME S3 OQILL BI6
OURINO OSILLIMS • „ .

REMARKS: PVC mnni tnrM r^n-wol 1 enelna instal led "- ̂ *

. _ • _-^

sen NOTATION snanT COB DESCRIPTION. OF ABBREVIATIONS
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Completion Da«o CU/U3/87

DESCRIPTION OF MATERIAL

Tan. loose to medi-um dense.
fine to medium. SILT and silty SAND

-

Brown gray, loose, fine gravelly SAND
oith wood and black organ ics

-- -, ̂

~\( Brown, medium stiff, silty CLAY /-
\ »ith sandy DOLOMITE Fragmants /

Boring terminated at 45 feet

GROUNOWATER DATA

'• 
;t 

: 
' 

.
U

N
IT

 D
H

 V
 W

E
IG

H
T

3P
T

 V
A

LU
E

^

•*--..,--

- ~

DRILLING DATA :*= -

^ 
'S

A
M

P
LE

S 
.' 

>

-̂ -_-

,, -

!ss~
^_
ss

_52_
:.:,TJ

SFJ

SS
--,:
ss

ss

.----

' - - - " :_

SHEAR STRENGTH, f»f

0.3 1.0 1.9 Z,0 J,3

STANDARD PENETRATION RESISTANCE
(ASTU 0 i3oo|

A- OLOOS PIP COOT
WATtO COMTCMT.%

PLJ —————————— 0 ———— : ————— ILL
10 20 30 40 301 1 1

• • • A •

: . . : o ; A

' A' • •

• ; : : : : : A .

. . . . . . A

. ' • : : A' : :
^ . . . . . . . . .
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3rain Size
Analysis

Grain Size
Analysis
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~ -. . , - «
«— - ' . "' • _„ ------- ' •- . ..

ENCOUOTERZO AT asi PggT . ____ AUGER §> ____ HOLLOO 8TEMv .

AT ______ PEE7 AFTER '"' : HOURS ____ WASH CORING PROC3____feBT, - ^^ /At^ t-> /^n n Hfl/7^
AT FEET APTCD HOURS MM ORILLED _KRP L006£ft """ LOO OF ©OHUIfVIO
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ouaiae OQILLINS :.;.,.

REMARKS: J'VCjnonl tOTJLna
- ..
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Sea NOTATION SHOUT COR DESCRIPTION Of ABQREVIATIONS " -———————— - —————————— . —— . — — ———— , ——— -. ————————————————————————— , ————

";; DG-3
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DESCRIPTIQN OF MATERIAL

Tan. loose ' to- medium dense SAND

• - • - - • - .

^ Brown silty CLAY with dolomite j~
fragments ' - - ' " ' /

\ " /
Split spoon refusal at 29 feet

GROUNDWATER DATA DRILLING DATA
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ECOLOGY & ENVIRONMENT. INC.
PHOTOGRAPHIC RECORD

SITE ^---

/t̂ .tsî î̂ ^Of̂ î ^^s&WirS'S ĵS-s'," i-̂ Ĵ .̂̂ rS1'•'".•. '-"•?• -^rî iV- • ,i '"-'̂ yrV.-r̂ h-'il̂ H -̂i7

•
lfr.^~?^^~£-s^£f&£^i^±~^<^^-^^'*-ja'£-

^ C-l
8ub|QCt Big River with mine tailing dust

rising from the pile.

Photegrophor

Robert Overfelt
V!3tROOO

Gene Gunn
Doto/Timo ' "• -

January 25, 1988 1030 hrs
DlroGtlon

North

Area where mine
tailings slope
are in contact
with the-Big River

Robert Overfelt
VflinOQQ, """• ' - : :. _

Gene Gunn ' -
DOtO/TlCTO

January 25, 1988
1030 hrs " -

Difoctlon _ - •
North -



o o
ECOLOGY & ENVIRONMENT. INC.

PHOTOGRAPHIC RECORD

SITE

Me.: C-3

Gap A from edge
of River after
filled _. "

Bob Overfelt
WUnooo

Gene Gunn
Ooto/Tlmo

Jauary 25^1988

West

: C-4

VJ1nd fencing
Box configuration

Bob Overfelt -
Wltnooo - --

Gene Gunn, .,; "™
Doto/Tlmo . : ; • -

January 25, 1988
1100

Southeast-



o o
ECOLOGY & ENVIRONMENT, INC.

PHOTOGRAPHIC RECORD

No..: c-5 ' • ' * ' •
9ub|oct Wind-

r Fencing showing^ tail •
ings accumulation.1-

Bob Overfelt
WUnooo

Gene Gunn '-^v ,
Polio /Tl mo

January 25, 1988 ̂
1100 hrs

Direction

Southwest

NS.: C-6
8u&|oet Trees

Planted on north
side. ..;

Phetogyogho?

Bob Overfelt
witnooo ; ~

Gene Gunn
Ooto/Tlmo

January 25 , 1988

West



o o
ECOLOGY & ENVIRONMENT, INC.

PHOTOGRAPHIC RECORD

SITE v

NJL: C-7-
Su&joet .^ _:

Trees planted on
north side. ..

Bob Overfell
Wldnooo •

Gene Gunn
Doto/Tlmo .-

January 25, 1988

Southwest

*&&**- a ''d 0-60 1 » -O •„•

MQ.: C-8

"H" Gap f1lledv

Phetegrogho?

Bob Overfelt
WHnooo , -•.,,_

Gene Gunn

January 25, 1988
"

Northeast ,^



0
ECOLOGY & ENVIRONMENT, INC.

PHOTOGRAPHIC RECORD

SITE

No.: C-9 -
Subjoct

Trees & grass planted
on west side of pile
near gap I - , , . . . - . .

Bob Overfelt •
Wlftnooo . -

Gene Gunn -----
0040/11 mo

January 25, 1938
1130 fet.cn

Northeast

^̂ -;3B3p̂ p̂̂ ĝ ssgB;̂ iBŜ :ĝ ^

Mo.: C-10
3u6|oet

Bertn with Gap "I"
drainage pipe..

Phetegfogho? „

Bob Overfelt '
Wltnooo ; ~

Gene Gunn
Doto/Tlmo

January 25, "-I988 1200 hrs

North



ECOLOGY & ENVIRONMENT, INC.
PHOTOGRAPHIC RECORD

SITE

^ NO.: C-ll
; Subject Gap "I" drainage pipe from

Big River .

Bob Overfelt

Gene Gunn
PoSo/Tlmo

January 25, 1938 1230 hrs,

East

West side where"tailings
meet river. - ._

Bob Overfelt __/;;;
v^tnooo ., ,. ' -

Gene Gunn , -
Poto/TImb

January 25, 1988 1245 hrs,,
Dl root I on

Southwest "~":J-
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© ..:• + ': ©
ECOLOGY & ENVIRONMENT, INC.

PHOTOGRAPHIC RECORD

SITE

Mo.: C-15
Subjoct

Gap "E" showing tailings and
bedrock.

-Dado/Tl mo

Dlroetlon

Bob Overfelt

Gene Gunn

January 25, 1988 1320 hrs.

Southeast

Me.; C-16
Sublooft

Gap "E" draining "tail-
ings toward river, i

Bob Overfelt ^ ,„
Vfflftnooo ----- -

Gene Gunn : • _ - . _
Ooto/Tlmo -- -:-s

January 25, 1988 1325 hrs.
Direction , _

West : . . - - _ . ' .



ECOLOGY & ENVIRONMENTS INC.
PHOTOGRAPHIC .RECORD

SITE

Me,- C-17
3ub|oet "

Dam above Gap "EMC it ,

Bob Overfelt ,
WittROOQ ;

Gene Gunn ;
PotO/TlfBO

January 25, 1988 1330 hrs.
Dl?oetlon

Southwest

-^n^V^fe^-^^/iĵ ^^^^^

Subject

WHS ROOD

Ooto/Tlmo

Dlroetlen

OP PMOTOGBAPHIC
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Sample Results Heavy~"Metals in

Desloge Tailings PMe
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I

CONCENTRATIONS OF LEAD,CADMIUM,AND ZINC FROM SAMPLES
TAKEN AT THE BIQ RIVER-DESLOGE TAILINGS PILE

Sample Metal Ccnc;~og/g
•, ....NO."

"0900
0̂901

; D902
-,10903
. ,0904 ———
D905
•0906
0907
0908
0909 ———
0910

--D911
.0912

, .0913
D915 ———

;:D916
•' 0917
0918
D919
D92C- —
0921

: D922

' W24
" 0925 ———
D926
D927

- 0928
0929
0930 ———
0931
0932
D933

: 0934
: 0935 ———
-0936
,̂0937
. 0938
0939
0940 ———
0̂941

= :D942
,0943
0944

Pb

1670
1540
1420
1190

— 1420 —
2590
3840
3560

. 970
—— 1250 —

1800
1360
2310
4470

—— 1530 —
826- .

3140
1020
958

- — 2710 —
1570
997
835
896

—— 1310 —
1080
983
877
964

s 1 ̂ * n—— 13oO —
1010
1150
951

1620
—— 5530 —

1570
1400
1330
1140

1120
1410
4320
1800

. . . i7in

w _"•-•
,37.8

•-~27-!_4~-"
-41.7

30.2 .

""•"•••'26i-5̂
6.8-

1 C -c1D.O
•K-v7

'••".•-•25. ,..
40,0"

"n'ft— •• ——— U.cl ———
" 15-. 7.

--:-31.7
-17.4

.......21.4.
• ' •• ?Q 0

8.0
— 7.0

•->- -•-.-8.0'-
n o

" " 13
^ 11.8

" • - - • . is;5
13.8

. . : 15.0 ——
"18,5

' 2 1 . 5
11.6

. ,.., 20.5
—— —46.9 ——

"-24.2
- • " • ' 8.7':'.y: ;i9;a

——— —19! 2 ——

."68:2
45,8
-7 1 1

Zn

1670
1700
1150
330

1320
1750
1380
875

— 950
1040
1080
1890
821
can—— bHU
531

1440
637
798

— 1380
511
406
373
437

..,,... 373
»J 1 w*

297
354
518
373

_ CO?•- - - 50^
698
816
233
840
O rt A—— 404
933
525
733
783

— 1380
558
715
3580
1210

- - 1 nan

FROM: WIXQN.B.G.. ETAL UNIVERSITY OF MISSOURI-ROUA, A STUDY OF CHAT AND TAILINGS
FROM THE OLD LEAD BELT OF MISSOURI FOR AGRICULTURAL LIMESTONE. DECEMBER, 1983.
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16. Schmitt, C. arid Finger S., 1982, The Dynamics of Metals from Past
Present Mining Activities in the Big and. Black River Watersheds,
Southeastern. Missouri. ......

17. Gale, Nqrd, etal, Historical Trends^ for Lead in Fish, Clams and
Sediments "in the Big River of Southeastern, Missouri, University of
Missouri-Rolla.

18. Air Quality Data at Flat River, Missouri,' 1981, 1982, 1983, Missouri
Department of Natural Resources. ,_ "

19. Climatic Altas of The United States, 1979 United States Department
of Commerce.

20. Soil Survey^of St. Francois County,^Missouri, August 1981, National
Cooperative Soil Survey.'

21. Buck/ley, E.R., 1908 Geology of the Disseminated Lead Deposits of St.
Francois and'Washington Countries: Missouri's Bureau of Geology and
Mines, 2nd Ser., Vol 8, PA. 1.

~"^ - '--f-^. =

22. Missouri Division of Geological Survey and Water Resources, 1861,
The Stratigraphic Succession in Missouri."

23. Missouri" Division of Geological Survey and Water Resources, 1983,
Ground Water Maps of Missouri.

24. Johnson, Dennis, December 2, 1987, personal communication, Assistant
Manager Water .District Flat River, Missouri.

25. Wixson, B. G., etal, Influence of Tailings from the Old Lead Belt of
Missouri on Sediments of the Big-River, University of Missouri-
Rolla. V • ̂

26. Rand McNally's Road and Reference Atlas, 1982.
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"-POT; .'AT, HAZARDOUS HASTE 3ITB T"
PRELIHIBARY ASSESSMENT —---'

PART'£"-"SITE IRPORMATIOH AHD ASSESSMENT

I. IDEtreiPICATIOH
01 STATE
MO

02 SITE NUMBER
D981126899

SITE HARE AND LOCATION
1FE NAME (Legal, common, or descripttve^name of site)
River Mine Tailings - • • • «

02 STREET, ROUTE NOtV.OR SPECIFIC LOCATION IDENTIFIER
Approximately"! mile northwest of Dasloge, Missouri'"

\ TV

joge
04 STATE
MO

05 ZIP CODE
63601'

06 COUNTY
St. Francois

07 COUNTY
CODE

OS CONO
DIST

ORDINATES

53' 11".4N

LATITUDE LOHGITUDE

90" 33' 00" :OW

RECTIONS TO SITE (Starting from _ nearest public road) -_.,.-
Hwy 67 south to Desloge, From Desl'oge tho site is approximately l^mile"hor'thwest and is bordered by a district

der of the Big River on its westr north, and east sides. '-• --•„ -• .

RESPOHSIDLE PARTIES

?NEH (If known)
Francois County

02 STREET (Business, mailing, residential)

TY
oge

04 STATE
MO

05 ZIP CODE
63601

06 TELEPHONE NUMBER

(314) 431-6505
ERATOR (If known and different.-from _owner)
Francois County Environmental Corp.

08 STREET (Business, mailing, residential)

TY
oge

10 STATE
MO

11 ZIP CODE

63601" "•,-,-,
1.2 TELEPHONE NUMBER
(314) 431-4768

PE OF OWNERSHIP (Check one)
A. PRIVATE B. FEDERAL:,,

(Agency name)
F. OTHER:

C. STATE X D. COUNTY

a."UNKNOWN

E.MUNICIPAL

(Sp.ecify)
! NER/OPERATOR NOTIFICATION ON F-ILE, (Check all that apply) ".---. .
RCRA 3001 DATE RECEIVED: - _B. UNCONTROLLED WASTE SITE (CERCLA 103 'C ) DATE RECEIVED:

MO/DAY/YR MO/DAY/YR
C. NONE

CtlARACTBRIEATIOEJ O7 POTEHTIAL HAZARD

SITE INSPECTION

_X_YES DATE 1/25/88
MO/DAY/YR

NO

BYJCheck all that apply) - • - _ ,
* X A. EPA X B. EPA CONTRACTOR

__E. LOCAL HEALTH OFFICIAL _^

CONTRACTOR NAME(S): E I E/FIT

__C. STATE

F. OTHER:

D. OTHER CONTRACTOR

(Specify)

3TE STATUS (CHECK ONE)
A. ACTIVE X B. INACTIVE C. UNKNOWN

03 YEARS OF OPERATION
1929 1958 UNKNOWN

BEGINNING YEAR ENDING YEAR

ASCRIPTION or SUBSTANCES POSSIBLY,PRESENT, KNOWN, OR ALLEGED --.„ _
tailings which contain a mean value of 2,077 ppra load (Pb), 26 ppm Cadmium"(Cd) and 1,226 ppra Bine (Zn).
tailings cover approximately 600 acros at a depth of O-lOO foot within a "horso shoo" of the Big Rivor.

SCRIPTION OF POTENTIAL HAZARD TO ENVIRONMENT AND/OR POPULATION _ ,
ion of tailings into the Big River% ~ -"-.v--_-
ntial health hazard from the dispersion of load laden dust in the air. '-•
ntial for landfill organic chelating agents to solubizo and mobilize Pb, Zn, and Cd.
RIORIT7 ASSESSMENT

IORITY FOR INSPECTION (Check ona.-' -1-tVhigh or medium is checked, complete-Part-2 - Waste Information and
Part 3 -^Description of Hazardous conditions and Incidents)

A. HIGH
nspection required
romptly)

__ B. MEDIUM ------
(Inspection esquired)

__ C. Low
(Inspect on time
available basis)

__ D. NONE
(No further action needed.
Complete current disposition form)

IH70RHATIOH AVAILABLE PROM
NTACT
Gunn

02, OF (Agency/Organization)
EPA Superfund Branch

03 TELEPHONE NUMBER

(913) 236-2856
RSON RESPONSIBLE FOR ASSESSMENT

overfelt
05 AGENCY

E & E
06 ORGANIZATION
FIT

07 TELEPHONE NUMBER
913-.432-9961

08 DATE

MO/'DAY/YR
4/27/88
<0/DAY/

SORM 2070-12 (7-81)



• - POTR....1AL HAZARDOUS WASTE SITU t"°-
A '- PRBTjIMIOARY ASSBSSHERT

"* PART 2 - WASTE IHPORMATIOH - - - - — •

I. IDBE9TIFICATIOR
01 STATE J02 SITE NUMBER
MO | D981126899

IjiSTE STATES, QUAHTITIES, AHD CHARACTERISTICS
•SICAL STATES 02 WAS

. all that apply) (Measi
^ ties n
^ SOLID X E. SLURRY
-POWDER, FINES __ F. LIQUID

, SLUDGE __ G. GAS
OTHER CUBIC
' (Specify) ---
, NO. 01

1TE QUANTITY AT SITE 03 WASTE CHARACTERISTICS
ires of waste quanti- (Check all thatvapply)
Hist be independent)

X A. TOXIC , __ _E. S
* B. CORROSIVE "~ F. 1
TONS —— • : ——1 ' '"" C. RADIOACTIVE . G. F

: YARDS - 4 million D. PERSISTENT,-^^ H. ]

f DRUMS "" """>
- - _ - " '

OLUBLE __ I. HIGHLY VOLATILE
NFECTIOUS J. EXPLOSIVE
rLAMMABLE __ K. REACTIVE

GNITABLE __ L. INCOMPATIBLE
M. NOT APPLICABLE

-,UVSTE TYPE . ~ • •
^ORY
1
T

'-,

J

-'.

"*:
j
1

SUBSTANCE NAME
SLUDGE
OILY WASTE
SOLVENTS

PESTICIDES
OTHER ORGANIC CHEMICALS

INORGANIC CHEMICALS -
ACIDS
BASES
HEAVY METALS

01 GROSS AMOUNT

~-

^-^~

~' " '

Unknown

02 UNIT OF MEASURE 03 COMMENTS
- -

-- -^ —— - : •

/ - -•-•..

' ' ' '

Lead, Zinc, Cadmium
.ZARDOU5 SUDSTARCES (See Appendix for most frequently cited CAS Numbers)

'EGORY
*
1

--

4
A

4

i —————

4

t
4

3

02 SUBSTANCE NAME
Lead - ,.
Zinc
Cadmium
Copper

03 CAS NUMBER
L 7439921
7440-66-6
7440439
74JJ0508

:

~ '

' 7 .-

-

'

04 STORAGE/DISP"OSAL METHOD
mine tailings pile
mino tailings p_ile .
mino tailings. pile -
mine tailings pile ,;

"-- --,'

.,,
' 7 ~ "

' -

• -._. ' . ~

, .

05 CONCENTRATION
mean 2,077
mean 1,226
mean 26
Unknown

06 MEASURE OF
CONCENTRATION
ug/g

ug/g
ug/g

- _

D̂STOCKS (See Appendix for CAS Numbers) .-_,
4'EGORY

•DS
^DS
*DS

/DS

01 FEEDSTOCK NAME • ,02 CAS NUMBER CATEGORY 01 FEEDSTOCK NAME 02 CAS NUMBER

'•--->. FDS ---,..,.
• - - TDS

' — - - FDS . "'.-.^

•'"-. M r FDS -X-̂ , . . ,

4 SOURCES OF IFJPORMATIOH (Cite specif ic references , e.g., state filos-, sample analysis, reports)
tency Action Plan for Lead Mine .Tailings, Desloge, Missouri, Draft EPA files. A study on tho possible
and tailings from the old Lead Belt of Missouri for Missouri—fur-Agricultural Limestone, University of
>uri - Rolla. Dangerous Properties of Industrial Materials 6th Ed. N. Irving Sax.

use. of

2070-12 (7-81)



JEPA

HAZARDOUS WASTB SITE -
PRELIHIHARY ASSESSHEWT

PART 3 - DESCBIPTIOH OF HAZARDOUS COHDITIOHS AHD IFJCIDEBTS

I. IDKRTIPICATIOH
01 STATE 02 SITE NUMBER
HO | D961126899

: HAZARDOUS COHDITIORS ARD IRCIDERT3
02 OBSERVED (DATE: X POTENTIAL ALLEGEDA. OHOUNDWATER CONTAMINATION

PULATION POTENTIALLY AFFECTED: ^______
a is potential Cor ground water contamination from surface water because faults exist in the site area. The on-
landtill may release organic chelating agents which could release .heavy metals into the ground water.

04 NARRATIVE DESCRIPTION

02 OBSERVED (DATE: POTENTIAL ALLEGEDB. SURFACE WATER CONTAMINATION
SPULATION POTENTIALLY AFFECTED! ' .

i ie site and several miles downstream^ the bottom of the Big River is lined" with mine tailings, This has raised
>b and Zn levels slightly in the.water. There is potential for more mine-tailings to erode into the river.

04 NARRATIVE DESCRIPTION

C. CONTAMINATION OF AIR

]PULATION POTENTIALLY AFFECTED:

02 OBSERVED (DATE: X POTENTIAL ALLEGED
04 NARRATIVE DESCRIPTION

laden dust blows off the top of the mine tailings pile.

D. FIRE/EXPLOSIVE CONDITIONS
PULATION POTENTIALLY AFFECTED:
known or reported to date

02 OBSERVED (DATE: POTENTIAL ALLEGED
04 NARRATIVE DESCRIPTION

E. DIRECT CONTACT
'ULATION POTENTIALLY AFFECTED:

02 OBSERVED (DATE:. POTENTIAL ALLEGED
04 NARRATIVE DESCRIPTION

e are currently and have in the past .driven all terrain vehicles (ATVs)-on the mine tailings pile for
>ation. Also landfill workers are exposed to the tailings daily.

F. CONTAMINATION OF SOIL
A POTENTIALLY AFFECTED: 600

02 __ OBSERVED (DAfEf^

04 NARRATIVE DESCRIPTION
POTENTIAL ALLEGED

, (Acres.) —
tailings cover approximately "600 acres .

G. DRINKING WATER CONTAMINATION

'ULATION POTENTIALLY AFFECTED:-__
known or reported to date

02 __ OBSERVED (DATE: _
04 NARRATIVE DESCRIPTION

POTENTIAL ALLEGED

H. WORKER EXPOSURE/INJURY
JRKERS POTENTIALLY AFFECTED:
known or reported to date

02 __ OBSERVED (DATE: _
04 NARRATIVE DESCRIPTION

POTENTIAL ALLEGED

I. POPULATION EXPOSURE/INJURY:

'ULATION POTENTIALLY AFFECTED:
known or reported to date

02 OBSERVED (DATE: POTENTIAL ALLEGED
04 NARRATIVE DESCRIPTION'

'RM 2070-12 (7-81)



SPA
-POTE. XL HAZARDOUS WASTB SITE ' ",/

J= PRBLIHIBARV ASSESSMENT -_
PART 3 - DESCRIMIOH OP HAZARDOUS COHDITIOHS AHD iFciDEHTS

I. IDERTIPICATIOH
01 STATE
MO

02 SITE NUMBER
D981126899

1AZARDOUS COHDITIOHS AHD IHCIDEHTS (CONTINUED)
02 X OBSERVED (DATE: 1/25/8B ) POTENTIALJ. DAMAGE TO FLORA '-_ ,,

IRATIVE DESCRIPTION . -. .-. _•
itural recovery of vegetation has occurred. The 600 acres of mine tailings are virtually bare.

ALLEGED

K. DAMAGE TO FAUNA "'"" 02 __ OBSERVED (DATE: '

IRATIVE DESCRIPTION (Include name (s ) .;pf species )
luted levels of Pb, Cd, and Zn were^Jtound in a study that examined algae,.

POTENTIAL ALLEGED

L. CONTAMINATION OF FOOD CHAIN
:RRATIVE DESCRIPTION """"

02 OBSERVED (DATE: POTENTIAL ALLEGED

*>m feeding fish in the Big River .are known to have elevated levels of^Pb in their edible tissue. Fish are
!it for human consumption through sport-fishing from tho Big River. _-«-,-

M. UNSTABLE CONTAINMENT OF WASTES
Llls/runof f /standing liquids/leaking drums)

IPULATION POTENTIALLY AFFECTED: ''''••

02 X OBSERVED (DATE:-1977 POTENTIAL ALLEGED

04 NARRATIVE DESCRIPTION

Uon of mine tailings into the Big River.

02 X OBSERVED (DATE: 1977 POTENTIAL ALLEGEDN. DAMAGE TO OFFSITE PROPERTY __ __________ __ __

IRATIVE DESCRIPTION . -,.,.. -.*-.-J
•Jig River bottom is lined with mine tailings for several miles downstream from the site and tho biota in the
It contain elevated Pb, Cd, and Zn levels.

, O. CONTAMINATION OF SEWERS,•S- STORM DRAINS, WWTPs
IRRATIVE DESCRIPTION
known or reported to date

02 OBSERVED (DATE:- POTENTIAL ALLEGED

P. ILLEGAL/UNAUTHORIZED DUMPING
IRATIVE DESCRIPTION
known or reported to date

02 OBSERVED (DATE: POTENTIAL ALLEGED

5CRIPTION OF ANY OTHER KNOWN, POTENTIAL, OR ALLEGED HAZARDS

TOTAL POPULATION POTEHTIALLT APPECTEP; 27,739 (3-milo radius)

I CORHBRTS

] 3URCES OF INFORMATION (Cite specific references, e.g., stato files'? -sample snalysis, reports)
rol of Mine Tailings Discharge-to Big Rivor. Dr. John Novak 1980, -EPA file's.
minory Investigation on the Dynamica of Metals from Past and Present Mining Activities in tho Big and Black
, Southeastern Missouri, Preliminaryy-EPA files. ^ - -

2070-12 (7-81)



APPENDIX B - - . , . " ' -

Well Logs for Monitoring Wells,
Surrounding On-Site Landfill

B-l



APPENDIX B

Well Logs for Monitoring Wells
^ Surrounding On-Site Landfill:^

B-l



tO, IW*.
Engineers • Surveyors _

P. O.Box676
FARMINGTON. MO 63640 ..

(314) 756-6775

.• i CO. >-] 4 E Q y/ . rc/i

-CVo H f hl.t-.(f

£7 f If-

ATTENTION

"J JC'-K- TI(.(tnc,j P. tr

E ARE SENDING YOU X'Attached"'' D Under separate cover via_

Q Shop drawings ^Prints D Plans

D Copy of letter .Q Change order D ___

___^______the following items:

D "Samples . D Specifications

COPIES DATE NO. DESCRIPTION

J f" M. C,T. f?^(^,

p f i f o lU

D Resubmit
D Submit '_

HESE ARE TRANSMITTED as checked tielow:

D For approval D Approved as submitted

S( For your use D Approved as noted

JSfAs requested :_ »~ D^ Returned for corrections

D For review and comment D _______________ - • _________________

D FOR BIDS n"F - ' ' • — - ______19_____ D PRINTS RETURNED AFTER LOAN TO US

copies for approval

copies for distribution

corrected prints

EM ARKS.

DOPY T0_
SIGN

fct. sea c=i tun. W onctoouroa oro fwrt DO cwrtcxi. blndly notify uo'ot onto.



782.3

REMARKS:

DATE INSTALL 1/16/87

oevELOPeo N/A - dry

PROTECTIVE COVER : A" X *" Sleel

LOCA'T«»* N 12461 E8637
GROUM3 ELEVATION- 779.6 DATUM

DETERMINED ay _ Survey______

WELL W A T E R L E V E L S
D :ATE DEPTH H E M A P R 3

1/21 39.1 'Dry
1/21!-.-- 37.1 25 Gallons added
T/21 38.6 6 Minutes later

39..1 Drv

d o o l f * f n o o o u r o d f r o m t o o o l n ^ o r

TYPE.- f l u s h coupled PVC
DIAMETER 2 IM

LENGTH 24 rr

H ^^—-BACKFn.L: bentonice/cement arout

SEAL : bentonice oellets

: med ium sand

SCREEN OIA: IN LENGTH: 15 FT

'SLOT SIZE: 0.01 IN

BOREHOLE OIAMETER:__2_IN

DRILL METHOD: 4 . 2 5 " HSA

WELL 0(3=11
GEOTECHNOLOGV

St. Loun. MKsoun

PLATE 1
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OATt INSTALL .: 1/16/87

DATE DEVELOPCD: 1/21/87

^--PROTECTIVE COVER : 4 x - Stee l

^ \6CATK3N: N11851 E9002
— 1 - .

^•GROU?^0 eLEVAT-lON:_ZBA^i) DATUM' MSL

fT oitERUINED BY: Su.-vev

f^c7"
' " • •__WELL W A T E R L E V E L S
• D A T E D E P T H . R E M A R R 3

1/21 46.8
: ' 1/21 37.0 Added 36 gallons

l/?i 41.4 After 5 minutes
1/21 44.3 After 20 minutes
3711 46-3

" :' ~
i -= i . - .

^-^-WSER TYPf. flush rounlpd PVC

w<^**wfc» I i_jl. ^^^_^ Irfl

_ LENGTH: 30 FT

— — ''BACKFILL: ben toni te/cemen t erout

^— SEAL • : ben tonice oellets
" '~ ,— . • . •• . .

_--SAMD : medium sand CV,"B^O)
.̂ •̂ "

_ _ — 3CREEkDlA: 2 IN LENGTH: 20 FT

TYP£: PVC

. SLOf"3lZE: .0.01 (N

" ,̂ -H_ ^ : " " - -

- . ~-^ ^ ^

-——— -'-- -̂ ---,- ' -

^ — BOREHOLE DIAMETER: *? IN

-•^DRILL METHOD: ^ .25" HSA

MONITORING WELL O©°1!
_ " GEOTECHWOCOGy

' .r-., SL Lours. Miuoun

PLATE 2



796 2 2.1 TOP n?
---•' •<>" RISER

— — — —— ——— , . . -«r7"̂ v y -=~

- , . - :

""• .-..
- "

.-.---•« - . -

• : ^

- - -

.-_ -

- * - ;?

•' "' - - -•

791.6 2.5 TOP OF
El'V DEPTH " " ' SEAL _

790.6 3 n f j TOP OP
CLEV 3tPTH SAWO _

7fl9.6 4.5 TOPO?
EUv DEPTH " ^ SCREEN

' "" -.

V

764.6 29.5 BOTTOM
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-.• - f-.

763.6 29.5 , ... BOTTOM
rifv OEPTW o? KOLE
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; DATE WSTAL r. 1/13/87

'"."'O'A-tE DevELOPeo-. 1/20/87
- -'-. v, ; .

^-PROTECTIVE COVER : 4 x a Steel

^•"^LOCA'TIO* N 10707 E9781

^GROUND ELEVATION- '°/l-' DATUM ^SL

> f ^ " 'DETERMINED BY: Survey

^^ ;̂
---.-.. "WELL W A T E R LEVELS

D A T E DEPTH R E M A R K S

1/16 24.9 Before development
1/20 24.5 After development

-> _ 3/11 23.3
_,',.,,:-_-_ - -

doo t f i r a o a a u r o d f r o m top o f r i oo r

. —— r RISER .TYPfc 'flush couoled PVC.

, DIAMETER: 2 IM

_ LENGTH: 6.6 FT
- — - . •

'^. -_ L

^— a- BACKFtLLj bentonite/cement arout
• ~ . . . _

.̂ _i-.SEAL : bentoni te oellets

_^-rSAWO: medium sand (VB&0)
•^ - -

__— ^ SCREEN OIA: ___2_ IN LENGTH: 25 fj

TYPE : PVC

SLOT SIZE: 0.01 IN

• • '—-',:.

-

" • - •
' /'*-• .-_- • - - - - - - -.

^^^-BOREHOLE DIAMETER: 9 IN

DRILL METHOD: ^ . 25" HSA

--.-,;.
" s GEOTECHWOCOGY

; :-.y^ - ^ St. Lou«. Miucun ' .

PLATE 3



DATE W3TALU 1/13/87

7R5.R

738.7
ELCV

REMARKS:

45.0
DEPTH

BOTTOM
-^OF-KOLE

DATE DEVELOPED: N/A - Dry

PROTECTIVE COVER :: ^ x *" S tee l

N9746 E8892
GROUND ELEVATION: 783.7 DATUM • Jj

DETERMINED 8Y; Survey_________

""•'".-"WELL W A T E R L E V E L S !

O A T E
; l̂/16:

'""1/20-
1/21

DEPTH

44.1

44.1 20
44.6 10

R E M A R K

Gallons
Gallons

3

added
added

- : : - . ' -_ .
- ' ~ — "i

do pill mo a o ur od f r om t oo of r i a o r

Risen TYPE.- . . .flush coupled PVC
DiAWETEP:_2_iN
LEMGTH: 30 FT

8ACKHI.L: be n t .onite/cement grout

SEAL":' b 'entonite pellets

SANO: . m e d i u m sand (VB40)

.SCPEEN'DIA: 2 IN LENGTH: 15 rT
TYPE? PVC____________________

SLOT SIZE: 0 -0^ IN

BOREHOLE DIAMETER: Q IN

DRILL METHOD: ^ .25" HSA

WELL
St Lomx. Missoun

PLATE 4



770.2

752.5
CLCV

751.5
ZLCV

749.2
ELtv

739.2

739.2
CLfv

REMARKS:

2.0
TOP O?
RISER

15.7

o e » * o e o

16.7
DEPTH

19.Q
DEPTH

TOP OF
SEAL _

TOP OP
SAKO _

TOP OF ~
SCREEN

29.0^ ^BOTTOM
OCPTH 'OF SCREEN

29.0
0£PTM

Borrow
.:Of HOLE

DATE WSTAL J-. 1/19/87
DATE DEVELOPED: N/A - Dry

- PROTECTIVE COVER : ^" * *" S tee l

^CocATtoN: N10934 E8137
GROUNQ ELEVATION- 768.2 rjATUM MSL

DETERMINED BY; _ Survey____________

" ' • - • • WELL W A T E R L E V E L S
-0 A T E

1/21

1/21
-t/21

D E P T H R E M A R K S • '

28.3 ;

26.3 After 22 aallons
27.2 6 Minutes later -

doplh Fsooou rod f rora too o f f l o o r

-RISER TYP1L- Ijflush coupled PVC

DIAMETER: 2 IN

21 p

bentonite/cement grout

bentoni te pellets

medium sand

SCREEN DIA: 2 IN LENGTH: 10 FT

SLOT SIZE: 0.01 IN

^BOREHOLE DIAMETER: 9

DRILL METHOD; 4. 25" HSA

GEOTECHWOLOGV
Si Lou>s. Missouri

PLATE 5



DA It IN3 I ALL ' '"____I/ '

683.1
E.CV

TOP C?

682.0
ELEV

boloo ground ou r faco

679.0
ELEV

671.9
ELEV

OCPTH

DEPTH

TOP OF
'SEAL _

TOP OP
.. SAKD _

TOPO?
SCREEN

to.

671.9
ELEV

671.6
ELEV

REMARKS:

10.1
DEPTH;

10.4
OCPTH

BOTTOM
)F SCREEN _

Borrow
~f~- WHOLE

F^

1/19/87

-.PROTECTIVE COVER :. 4" x V Steel

N 12069 E9185
GBQUNO ELEVATION: 682 DATUM : -

BY: Survey

WELL W A T E R LEVELS I
D A T E DEPTH ____

' 1/19 6.0 After installation
1/19 7.0 After development

m o o o u r o d f r o m loo of r i se r

JHSER TYPt: Clush coupled PVC

DIAMETER: 2 IN

LENdTH 6.2 FT

•BACKFILL;

SEAL :' 'cement

-SAND : natural sand

: SCREEN OIA:.

TYPE:" PVC
IN LENGTH:

'SLOT 3IZE: 0.01 IN

-BOREHOLE DIAMETER: 4 IN

DRICL METHOD: 4° hand auger and casing

• RflOWlTORBNG WELL
GEOTECHWOLOGV

St Lours, Missouri

PLATE 6
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DESCRIPTION OF MATERIAL
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y loose to loose
ine SAND

becoming gray and more silty below
14 feet
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dense, silty cla;
clayey SILT

Auger refusal "on.S

37. 5 feet

GROUNDWATER DATA
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ANDY DOLOMITE at
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DRILLING DATA

H

If

t «

-*.-

. ;
"Z -,--,..'

=---.-.--

"•*'--•-',.

--- • •

- ._ ^ -
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ENCOUMTERED At53- 5 FEET ------ . ____ AUGER 9" HOLLOW STEM

AT ______ FEET AFTER °~> HOURS ____ WA3M BORIM6 FROM ^ FgET

AT ______ FEET AFTER ______ HOURS MM DRILLER KDO LQ06ER

FREE WATER NOT ENCOUNTERED CME 55 OBILL Rlfl
OURINQ DRILLINO --"., „•„

REMARKS: PVP mnnl f n^H-nri-j we* 1 1 pn<c5^nri in^^alloci '^':.
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Srain.Size
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GEOTECHNOLOGY
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DESCRIPTION"OF MATERIAL

Tan. loose to madium dense. Fine SAND
with zones of grey clay up to 3"

Gray, medium dense, si Ity SAND
to scndy SILT with zones of gray,
clay and si l t- .

Gray, medium dense. -si Ity to
slightly clayey fine SAND

'-: ...

- - - . - . " -

•

Gray, very loose, sandy and clayey
SILT with green and black organics
at 99 feet

GROUNDWATER DATA ' DRILLING DATA
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PL 1 —————————— ̂  ————— ! ————— " '
10 2

: A
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. : . A ..
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. . . . A . . .
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^ 1 1_ i_
O 30 «O ' SOi i
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OA •

A . . . . . . . .

Grain; Size
Analysis

3rain: Size
Analysis

EMCOUMTEREO AT 34 FEET. AUGER 9" HOLLOW STEM

AT FEET AFTER HOURS V3ASH QORIN6 FROM FEET
-"^—— -

AT _____ retTA. 'TCR ____ _HOURS MM omuLEs KDO Loas^ LU^ U^= laUIHiyifVKbr
FREE WATER- HOT ENCOUNTCREO CME 55 OR I'LL 'RIO
DURING ORILLINO . . - . . . . . . ' ' "

REMARKS: PVC moni tor i'na w«l 1 casino installed
--

--.---.— .;• • .'••• '-V ::

SEE NOTATION SHCET FOR DESCRIPTIOM OF ABBREVIATIONS ';•

DG-1

JGEOTECHWOLOGY
St. Louis. Missouri

• - v _ • • - PLATE 8
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DESCRIPTION. OF MATERIAL

Grave very loooo,, oandy and clayey
SILT with greon and black organico
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Surface Elavation794
Datum MSL

133J 
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1
J
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0

-10-

-20-

-30-

-40-

-50-

-60-

-70-

Comolotion Datoni /13/R7

DESCRIPTION OF MATERIAL

Gray, loose. SAND "with zones of
si Ity to clcyev SAND

Cray, very loose,
clayey SILT .

~\ Medium stiff, ddr
\ si Ity CLAY -

sandy to slightly

- - - , - . -

-k brown and gray. /"
»,- - /

Split spoon refOsalTj3n SANDY DOLOMITE
at 30. 5 feet

--_- ..-..;..-.

GROUNDWATER DATA ,

EMCOUNTERED ATI 3- 5 FEET"^"

AT

- - . .

DRILLING DATA

O

f'"'11
'•.-.

•---*-.

it-,^..

•--.-,:"

- , .

SA
M

PL
ES

jsC

ss

SS"

SH

^S_

^

. SHEAR STRENGTH, tsf
A-UU/2 O-QU/2 ^ -Sv

0.3 1.0 1.3 2,0 2.3

STANDARD PENETRATION RESISTANCE
(ASTtd 0 13901

A" 8LOC3 PER FOOT

PL 1 —————— - —— O^ — — ————— ILL
IO 20 30 40 30
l i i

A • •

A : ' . : . ; :

A • • • • • •

s • : : : : : ; M

. . A . . . . . .

y • • • •

o . . . . . . .

5rain; SizeAnalysis:

5rain Size
Analysis

^

- . . S-6"- •

^

AUGER 9" HOLLOC STEM"'

FEET AFTER ^ HOURS WASH GORING PROM "^EET " ""'"
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NOTE: STRATIPICATIOH LIMEO REPRESENT THE APPftOKIttATE GOUNOAftlES
SOIL TYPES AMD THE TRANSITION MAT BE GRADUAL.______
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APPENDIX C

Photo Docurtlentation of Site
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oECOLOGY & ENVIRONMENT.JNC.
PHOTOGRAPHIC flECORD

SITE —

-• .••.if..-. «T>ors

No.:•• c-i
;Sub|oct Big River with mine tailing dust

rising from the pile.

Photographer

-_. " Robert Overfelt ' - . ' "
---Wlftnooo'

Gene Gunn
Dato/Timo

January 25, 1988 1030 hrs
Dlfoctlon .

North

Naj C-2 =
Su&locft •-..-_•
Area where ,mine
tail ings,si ope
are in contact
with the1 Big River]
PhotogropHor - ^

Robert-Oyerfelt.
Witnooo, . . " • - . : - .

Gene Gunn ""
0040/11 mo
January 25, 1*988
1030 hrs '"•

DlfOCtlon ;' ^ ,
North ,



o o
ECOLOGY & ENVIRONMENT, INC.

PHOTOGRAPHIC RECORD

SITE ,, -

No.: C-3 ;
Sub |oet
Gap A from edge
of River after
filled

Bob Overfelt
Wltnooo ,,_

Gene Gunn =.
Doto/Tlmo .-..,,..

Jauary 25,' 1988

•West

No.: C-4

Wind fencing .
Box configuration

Bob Overfelt
WUnooo

Gene Gunn _ ,
Doto/Tlmo .

January 25, 1988
1100 hrs . -

Southeast



o o
ECOLOGY & ENVIRONMENT. INC.

PHOTOGRAPHIC RECORD

SITE,

No. ; C-5X' - L
Sub|oct Wind

r Fencing showing tail-
ings accumulation.?

Photogmphor —
Bob Overfelt ~^-

Wltnooo , ? '
Gene Gunn -

DotO/Tlmo " .

January 25, 1988 .
1100 hrs

Direction - :-

Southwest ,

N£I: C-6 .:

8ub|oet Trees
Planted on north
side.

Photographer

Bob Overfelt, -_^
Wttnooo "' >

Gene Gunn ''~'---'
Doto^Tlmo : -'-

January 25, 1988

West



o o
ECOLOGY & ENVIRONMENTS-ING.

PHOTOGRAPHIC RECORD

SITE "

Noj C-7
. Siibjoet

Trees planted on
north side. •

Bob Overfelt ""
WKnooo

Gene Gunn
Doto/Tlmo ->-.- -;

January 25, 1988

Southwest

.'• c-8,
Sufr|oct "

"H" Gap filled

Photogropho?

Bob Overfelt .̂ .̂
WHfiQSO - • • - _

Gene Gunn -
Doto/Timo ="J"i

January 25, -1988

Northeast —



o o
ECOLOGY & ENVIRONMENT. INC.

PHOTOGRAPHIC RECORD

SITE-

. Subject ,

Trees & grass planted
on west side of 'pile
near gap I

Photographer ' > -

Bob Overfelt s -^ __
WUnooo , , . " , " . "

Gene Gunn "
Dotd/Tlmo

January 25, 1988

Northeast

• 1>V*c

NOji C-10.
Sub |oct

Berm with Gap "I"
drainage pipe.

Photogfophof

Bob Overfelt
Wltnooo, r'-

Gene Gunn
Doto/Tlmo

January•25,11988 1200 hrs
PI faction

North -' ,;_



© .-;.,,,:: o
ECOLOGY & ENVIRONMENT. INC.

PHOTOGRAPHIC RECORD

SITE.

Ho.: C-ll

Gap "I" drainage, pipe from
Big River.

PHotogrophor

Bob Overfelt
Wltnooo

Gene Gunn
oto/71 mo

January 25, 1988 1230 hrs,
Direction

East - * - . .

Me: C-12

West side where failings
meet river. . ""

Pftotogrophor '.

Bob Overfelt ':^ -^/
Wltnooo,

Gene Gunn • ^-
Doto/Tlmo

January 25, 1988 12,45 hrs.
PI root I on •

Southwest -"--:.--;



o ECOLOGY & ENVIRONMENT.
PHOTOGRAPHIC RECORD

n̂
SITE

No.: C-13
Subject

Cut back of river where tailings
meet river.

'Photogyophoy

Bob Overfelt
Wjflnooo

Doto/flmo
Gene Gunn

Direction
January 25, 1983 1250 hrs.

Southeast

Me,: C-14
Subloot)

Original drainage ;.
structure. " :--...

Bob Overfelt .^;
WHnoao. • --

Gene Gunn
0080/11 mo ""-•-',

January 25, 1983 4-300 hrs.
PI poet I on

««••>••••—————

Southwest



O ..:••- o
ECOLOGY & ENVIRONMEN.T, INC.

PHOTOGRAPHIC RECORD

SITE

^5 ĵ;jM~ggj*^ î-.->, :̂ J^-^^ .̂̂ jĵ a^^adf;C^rLi4 îiiî 'l̂ l^ ;̂̂ ;̂̂ ^g?^J^^ ;̂'- /:^j"'^'Vf:'''ilE~T^~^s=i

ffiWpî lPî tSHiiSjr;~?r?*,'-''**--?v'̂ -- .̂-J---^=-''-J^F~- •

.- x-.- :^-.4-l ^*-T&£-=S .?£•&•?:•?-?'' _?£ -'+.='-J^^^-^^^——^^'^^^S^^SrfasL*.

:MMMSffisi^^^Hl^^to^ffl

^=.gs?^-SfeBS^^!^^S^^^aK^S^VpJ.;̂ *-J^5^^SjSiWS:iS^^rS-

No.: C-15
Sub|sct

Gap "E" showing tailings and
bedrock.

Phbtogrophor

^ Bob Overfelt
,,WI«nooo

Dctfo/Tlmo

Direction

Gene Gunn

January 25, 1988 1320 hrs,

Southeast

Mpj C-16
Sub loot

Gap "E" draining tail
ings toward river.

Bob Overfelt ^_
Wltnoeo "" '-•• :-

Gene Gunn .' / -
Doto/Tlfno - - . " - - - i -

January 25, 1988 1325 hrs.
Dlfoctlon _„•-, . -

West '- -



ECOLOGY & ENVIRONMENT, INC.
PHOTOGRAPHIC RECQBD

SITE '"

No..: C-17w.-,.:'
Subject

Dam above Gap ~"E",.-.

Phetegrogftioy '; • _

Bob Overfelt -^!*
WKnooo

Gene Gunn
Doto/Tlmo -- _V .

January 25, 1988 1330 hrs
Dlfpetlon "* •- . - . . .

Southwest

WtSnooo

Ooto/TlmQ

Dlfoetlen

iNO OF PHOTOGRAPHIC



APPENDIX,D

Sample Results Heavy Metals in
Deslbge Tailings .Pile
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CONCENTRATIONS OF LEAD,CADMIUM,AND'ZINC FROM SAMPLES
" "TAKEN AT THE BIG RIVER-DESLOGE TAILINGS flLE

Sample Metal Ccncpiig/g

-.-,Np...

"•0900
'0901
— 0902

, ..- 0903
.̂,.0904 ——
1 : 0906

-- 0907
.---....D908

0909 ——
' ̂0910

"~- 0911
- 0912

:./ 0913
0915 ——

' 0916
""••-- ^0917

0918
0919

. 0920 --
-0921

- -0922
- -. 0923
= .. 0924

0925 ——
0926

•"-.-- D927
D928
0929

_;..;•_ 0930 ——
0931

-•'-.-D932
D933
0934

: 0935 ——

•-•- 0937
..• 0938

0939
- ' 0940 ——

~: 0941
^0942
: 0943

- •-•••• 0944
no/i «;

Pb

1670
1540
1420
1190

—— 1420 —
2590
3840
3560

, 970
—— 1250 —

1800
1360
2310
4470

—— 1530 —
826-

3140
1020
958

—— 2710 —
1570
997
835
896

—— 1310 —
1080
983

. 877
964

« ** « f±—— 13aO —
1010
1150
951

1620
—— 5530 —

1570
1400
1330
1140

—— 2380 —
1120
1410
4320
1800
1 7 in

_Cd •-

37:. 8
"" " 38.9

27.4"
-•: 11.7

"3̂
-26!s
-,.,..6."8--
""15,7.

•-••--25
,40.0

----_ 18V3
"ri'l nl j .0-

..'••' "-M.7
' 31.7^
- 17.4

21.4
—— — 29.9 ——

"—••8.0

.̂ s!o
—— —^8 ——

13
- 11.8
—.-16.5

• -=.. 13.8
— ——— 15.0 ——

-18.5
'"••• ,21.5

11.6
20; 5

...._ "" 46.9 ——
" 2.4 -.2
'--. 8.7
— .19.8

" 21.5
= " ,9.2

— /. -.„ 15V4
"68.2

: 15.8
',..91 1 . . .

Zn

1670
1700
1150
330

1320
1750
1380
875

— 950
1040
1080
1890
821

531
1440
637
798

— 1380
511
406
373
437

—— 373
297
354
518
373

698
816
233
840

—— 404
933
525
733
783

— 1380
558
715
3580
1210

. ._ man

FROM: WIXON.B.G.. ETAL. UNIVERSITY OF MISSOURI-ROLLA, A STUDY OF CHAT AND TAILIMQS
FROM THE OLD LEAD BELT OF7 MISSOURI FOR AGRICULTURAL LIMESTONE. DECEMBER. 1983.
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